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Cut-rate  air  fares 


Introductory  price:  DOC-3000R 
with  regulator,  from  Denver  to 
anywhere  In  the  world  just  $240, 
plus  shipping  and  handling. 

It's  no  wonder  interest  in  the  new 
TransTracheai  DOC-3000  Demand  Oxygen 
Conserver  is  soaring.  Patients  get  the  oxygen 
they  need  while  waste  and  unnecessary 
costs  are  kept  to  an  absolute  minimum. 
In  short,  your  customers  use  less  oxygen 
and  you  make  fewer  refill  trips. 


DOC-3000  runs  on  inexpensive,  easy-to-find 
AA  batteries,  there's  little  chance  of  being 
grounded  from  a  lack  of  battery  power. 

Patients  can  depend  on  the  DOC-3000 
to  provide  effective  oxygen  delivery  while 
maximizing  conservation,  whether  active 
or  at  rest.  It  operates  on  both  high  pressure 
and  liquid  oxygen  sources,  so  you  don't 
have  to  stock  low-  and  high-pressure 
versions  of  the  same  device.  With  the 
DOC-3000,  one  model  does  it  all. 


The  DOC-3000  is  extremely  lightweight 
only  6.6  oz.  with  batteries.  It's  easy 
to  carry  and  simple  to  use.  Just 
connect  it  to  any  oxygen  source, 
set  the  flow  rate,  turn  it  on  and 
breathe.  What  could  be  easier? 

A  full  set  of  audible  and  visual 
alarms  warn  of  no  inspiration,  system 
default  and  low  battery  conditions. 
For  added  patient  confidence, 
a  bright  green  light  signals 
each  inspiration.  Because  the 
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Order  your  DOC-3000  Conservers 
%leW  DOC  ?        today  With  all  these  superior 
"0/7      features  and  affordable  pri^ 


pricing, 
we  expect  them  to  be  flying 
out  the  door.  Call  or  write: 
TransTracheai  Systems,  Inc., 
109  Inverness  Drive  East,  Suite  J, 
Englewood,  CO  80112-5105. 
1-800-527-2667,  (303)  790-4766, 
www.transtracheal.com. 
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DW  WOULD  YOU  LIKE  TO  SPEND  AN  OOOBER  WEEKEND  ENJOYING  THE 
AUTIFUL  FALL  SCENERY  OF  SOUTHERN  OHIO  AND  ATTEND  THE 
TERNATIONAL  RESPIRATORY  CONGRESS  WITH  ITS  DYNAMIC  EXHIBITION 
\LL,  EXCITING  LEaURES,  AND  EXCLUSIVE  ENTERTAINMENT?  YOU  CAN.  ALL 
)U  HAVE  TO  DO  IS  REQUEST  INFORMATION  FROM  THE  ADVERTISERS  IN  THIS 
>UE.  


HOW     TO     ENTER 

)  RECEIVE  INFORMATION  FROM  ADVERTISERS  IN  THIS  ISSUE,  SIMPLY  FILL  OUT 
IE  POSTAGE-PAID  PRODUa  INFORMATION  CARD  AND  DROP  IT  IN  ANY  US 
AILBOX.  YOUR  NAME  WILL  AUTOMATICALLY  BE  ENTERED  IN  A  SWEEPSTAKES 
WvVING  FOR  THE  GRAND  PRIZE  WHICH  INCLUDES  ROUND-TRIP  AIRFARE  FOR 
VO  TO  CINCINNATI,  OHIO  FROM  ANY  DOMESTIC  US  AIRPORT,  4  NIGHTS 
OTEL  ACCOMMODATIONS,  AND  ONE  REGISTRATION  TO  THE  46TH 
iTERNATIONAL  RESPIRATORY  CONGRESS.  TO  ENTER  YOU  MUST  CIRCLE  THE 
UMBERS  FOR  THE  PRODUCT  INFORMATION  THAT  YOU  WOULD  LIKE  TO 
;CEIVE,  AND  PROVIDE  ALL  THE  INFORMATION  REQUESTED.  CARDS  MAY 
.SO  BE  FAXED  TO  (609)  786-44 1 5  OR  ENTER  ONUNE  BY  REQUESTING  PROD- 
:T  INFORAAATION  at  nnPy/WWW.PUB-SERVCOM/RS/Ml  20/ 
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JGUST  a  $100  RC  week  SHOPPING  SPREE  IN  THE  RC  WEEK  CATALOG. 

aOBER:  TEN  USPS  OF  YOUR  CHOICE. 

fCEMBER:  A  $  1 00  CHRISTMAS  SHOPPING  SPREE  IN  THE  AARC  CATALOG 

^MES  DRAWN  BEFORE  SEPTEMBER  1  FOR  THE  BIMONTHLY  PRIZES 

ILL  AUTOMAnCAUY  BE  REENTERED  FOR  THE  GRAND  PRIZE  DRAWING. 


FFICIAL  RULES.  DRAWING  FOR  THE  GRAND  PRIZE  WILL  BE  HELD  ON 
R  ABOUT  SEPTEMBER  1  IN  DALIAS,  TX.  NAMES  DRAWN  FOR  THE  BIMONTHLY 
(IZES  WILL  AUTOMATICALLY  BE  REENTERED  FOR  THE  GRAND  PRIZE  DRAW- 
JG.  FEDERAL,  STATE,  AND  LOCAL  TAXES  ARE  NOT  INCLUDED  IN  PRIZE  PACK- 
GE.  MEALS,  GRATUITIES,  AND  ALL  OTHER  EXPENSES  NOT  SPECIFIED  HEREIN 
RE  THE  RESPONSIBIUTIES  OF  THE  WINNER.  VOID  WHERE  PROHIBITED  BY  LAW. 
O  SUBSTITUTION  FOR  PRIZES,  PRIZES  ARE  NOT  REDEEMABLE  IN  CASH. 
OMPLETE  SWEEPSTKES  RULES  MAY  BE  REQUESTED  BY  EMAIL  AT 
info@aarc.org 


Saturation  Recorded  During  Rubbing  Motion 

Maai^^SET  accurately  tracks  tlie  desaturation  and  rexaturati^^k, 

attUe  the  Oxismart  product  misses  the  hypoxemic  event. 

This  study  leas  performed  on  adult  volunteers. 

Data  courtesy  of  Dr  Steuen  Barker  Wi.D.,  M.D.,  Professor^nd  Chairman, 

Departmert^^  Anesthesiology,  University  of  Arizona 
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False  Alarms 


0% 


OXISMART 

N-3000      N-200 


36%      30% 


True  Hypoxemias  Missed      0%         16%        1% 

Source;  Barker  SJ,  Shah  NK.  The  Effects  of  Motion  on  the  Performance  of  Pulse  Oximeters 
in  Volunteere.  ;Anes(fiesK?/og/1997;86{1):101-108. 
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OXISMART 
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Drop  Out  Rate 


0.8%       9.9%       17.8% 


True  Hypoxemias  Missed    0%       33.3%     33.3% 

Source:  Barlter  SJ,  Novalt  S,  I^organ  S.  The  Performance  of  Three  Pulse  Oximeters  During 
Low  Perfusion  in  Volunteers.  /Anesfftes/o/ogy  1997:87(3A):A409. 


The  facts  about  Masimo  SET  pulse  oximetry: 

The  only  pulse  oximetry  technology  clinically 
proven  accurate  during  motion  and  low  perfusion 

Virtually  eliminates  false  alarms 

•       More  reliable  in  detecting  true  alarms 

Continuous  monitoring  (no  freezing) 

Over  the  past  two  years,  approximately  one-third  of  the 
world's  pulse  oximetry  suppliers  have  adopted  Masimo  SET 
as  their  pulse  oximetry  solution.  Now,  more  than  twenty 
patient  monitors  are  available  from  leading  patient 
monitoring  companies  with  Masimo  SET  pulse  oximetry. 


Prior  to  the  introduction  of  Masimo  SET,  conventional 
pulse  oximeters  could  only  be  relied  upon  for  accurate 
measurement  during  ideal  conditions.  Masimo  SET  reliably 
and  continuously  tracks  changes  in  saturation  and  pulse  rate, 
giving  you  accurate  monitoring  when  you  need  it  most,  even 
when  your  patients  are  moving  or  have  low  perfusion. 

Prove  it  to  yourself  —  take  Masimo  SET  pulse  oximetry 
to  your  toughest  patients  and  perform  a  confirming 
CO-Oximeter  ABG.  If  the  Masimo  SET  pulse  oximeter 
measurement  is  further  from  the  CO-Oximeter 
measurement  than  any  other  non-Masimo  SET  pulse 
oximeter,  we  will  reimburse  the  cost  of  your  test.* 


for  mora  Information  on  Maaimo  SET  pulaa  oximafery  or  1:0  schedule  a  frae  trial  evaluation,  contact  us  by  phone  or  Internet 

1-877-4-MASlMO  •  vi/vu'v^/.masimo.com 

circle  140  on  product  info  card 
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Instruments  and  sensors  containing  Masimo  SET  technology  are  identified  with  the  Masimo  SET  logo. 
Look  for  the  Masimo  SET  designation  to  ensure  accurate  pulse  oximetry  when  needed  most. 

*  COOxiraeUT  t««t  muRt  (m  performed  on  r  calibrated  (.'0-Oxinii'(i?r  with  four  or  more  wtvfflennths  (e.g.,  IL  482  or  Radiometer  OSM;J),  Certnin  <tt\wT  ruk-t*  and  rfatnitiona  apply.  Contact  Maaimo  for  more  deUiU. 
O  1999  Maaimo  Corporation,  Ma»imo,  HKT  nnd  (  ar«  Morally  nnpttflred  trademBrka  of  Masimo  Corporation    N-300().  OXISMART  and  N  200  are  tradcmarkH  of  Ni-lU-or  Puritan  Bennett. 
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Respiratory  Care 

11030  Abies  Ln 

Dailas  TX  75229-4593 

(972)  243-2272  •  Fax  (972)  484-2720 

http://www.aarc.org 

Therapist  Registration  or 
Technician  Certification 

Nationai  Board  for  Respiratory 

Care 

8310Nieman  Rd 

Lenexa  KS  66214 

(913)  599-4200  •  Fax  (913)  541-0156 

http://www.nbrc.org 

Accreditation  of  Education 
Programs 

Committee  on  Accreditation  for 

Respiratory  Care 

1701  W  Euless  Blvd,  Suite  300 

Euless  TX  76040 

(817)  283-2835  •  Fax  (817)  354-8519 

http://www.coarc.com 

Grants,  Scholarships,  Community 
Projects 

American  Respiratory  Care 

Foundation 

11030  Abies  Ln 

Dallas  TX  75229-4593 

(972)  243-2272  •  Fax  (972)  484-2720 

Government  Affairs  — 

Cheryl  West  MHA  (703-548-8506) 

State  Government  Affairs  — 

Jill  Eicher  tWIPA  (703-548-8538) 
1225  King  St,  Second  Floor 
Alexandria  VA  22314 
Fax  (703)  548-8499 
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Want  to  get  out  of  the  parts  business? 

Introducing  Praxair's  Grab  'n  Go.  The  all-in-one  portable  medical  oxygen  system. 


Praxair's  Grab  'n  Go™  system  is  an  oxygen  cylinder  with  a 
regulator  and  a  contents  gauge  already  attached.  It's  the 
fastest,  easiest,  safest  way  to  dispense  portable 
oxygen.  Here's  what  you  do:  Grab.  And  go. 

Because  the  Grab  'n  Go  system  has  no  sepa- 
rate parts,  you  don't  waste  time  .searching  for  and 
keeping  track  of  equipment.  You  don't  waste 
money  maintaining  and  repairing  equipment. 
And  you  don't  hassle  with  wrenches  and  keys. 

With  Praxair's  Grab  'n  Go  system  you  have 
everything  you  need.  The  built-in  gauge  lets 
you  verify  contents  at  a  glance.  And  the  easy-to- 
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use  regulator  lets  you  adjust  oxygen  flow  with  the  tum  of  a 
dial.  The  Grab'n  Go  system  also  has  a  handle  that  makes  it 
a  cinch  to  carry. 

Save  time.  End  frustration.  And  get  out  of  the 
parts  business. 

Want  to  try  Praxair's  Grab'n  Go  system?  Call 
1-800-299-7977  ext.  6961,  or  stop  by  our  web 
site  at  www.praxair.com/healthcare  to  find  out 
how  you  can  take  advantage  of  our  demo  pro- 
gram. And  while  you're  at  it,  check  out  Praxair's 
I  extensive  line  of  respiratory  gases,  equipment 
and  services. 
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AeroEclipse"  a 

Breath-Actuated 
Nebulizer  ("BAN") 

A  new  technology. 

Breath  actuation  ,s  the  most  significant  advancement  in  the  history  of  small 
volume  nebulizers  (SVN).  Only  the  AeroEclipse^-  BAN  can  deliver  the 
precision  of  an  IVIDI  in  an  SVN. 

Match  delivery  to  demand. 

The  AeroEclipse^»  BAN  creates  aerosol  only  in  precise  response  to  the 
patients  inspiratory  maneuver.  This  is  patient  on-demand  therapy  and 
means  less  medication  waste,  safer  environments  and  clinical  dose 
assurance.  Truly  exceptional  aerosol  performance  delivers  more  drug  - 
faster  and  to  the  right  place  -  creating  a  treatment  modality  without  equal. 

First  time  precision. 

So  why  not  do  it  right  the  first  time  with  the  AeroEclipse'"  BAN  After 
all,  when  will  you  have  the  time  to  do  it  again? 
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Now  available  from: 
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Monaghan  Medical  Corporation 

PO  Box  2805  .  Plattsburgh,  NY  12901-0299 

Customer  Service  800-833-9653 

AeroEcllpse  is  a  trademark  of  Monaghan  Medical  Corporation. 

©1999  Monaghan  Medical  Corporation. 
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Abstracts 


Summaries  of  Pertinent  Articles  in  Other  Journals 


Editorials,  Commentaries,  and  Reviews  to  Note 

Small  Tidal  Volumes:  Large  Benefit? — Lewandowski  K.  Intensive  Care  Med  1999  Aug;25(8): 
771-774. 

Mechanical  Ventilation  with  PEEP:  A  Unique  Therapy  for  Failing  Hearts— Peters  J.  Inten- 
sive Care  Med  1999  Aug;25(8):778-780. 

Can  It  Work?  Does  It  Work?  Is  It  Worth  It?  The  Testing  of  Healthcare  Interventions  Is 
Evolving— Haynes  B.  BMJ  1999  Sep  1 1;319(7211):652-653. 

Rationale  and  Design  of  the  National  Emphysema  Treatment  Trial  (NETT):  A  Prospective 
Randomized  Trial  of  Lung  Volume  Reduction  Surgery  (review).  J  Thorac  Cardiovasc  Surg 
1999  Sep;  118(3)1518-528. 

Inhaled  Nitric  Oxide  for  Preterm  Infants:  Still  an  Experimental  Therapy — Saugstad  OD. 
Lancet  1999  Sep  25;354(9184):1047-1048. 

Inhaled  Nitric  Oxide:  Basic  Biology  and  Clinical  Applications — Steudel  W,  Hurford  WE, 
Zapol  WM.  Anesthesiology  1999  Oct;91(4):1090-1 121. 

Nasal  Nitric  Oxide  in  Man— Lundberg  JO,  Weitzberg  E.  Thorax  1999  Oct;54(10):947-952. 

Inhaled  Nitric  Oxide  in  Acute  Lung  Injury  and  Acute  Respiratory  Distress  Syndrome: 
Inability  to  Translate  Physiologic  Benefit  to  Clinical  Outcome  Benefit  in  Adult  Clinical 

Trials— Dellinger  RP.  Intensive  Care  Med  1999  Sep;25(9):88 1-883. 

Sleep  on  the  Cheap:  The  Role  of  Overnight  Oximetry  in  the  Diagnosis  of  Sleep  Apnoea 
Hypopnoea  Syndrome— Bennett  JA,  Kinnear  WJ.  Thorax  1999  Nov;54(l  l):958-959. 

Hyperbaric  Oxygen  in  Carbon  Monoxide  Poisoning:  Conflicting  Evidence  That  It  Works — 

Weaver  LK.  BMJ  1999  Oct  23;319(7217):1083-1084. 


Nocturnal  Oximetry  for  the  Diagnosis  of  the 
Sleep  Apnoea  Hypopnoea  Syndrome:  A 
Method  To  Reduce  the  Number  of  Polysom- 
nographies?— Chiner  E,  Signes-Costa  J,  Arri- 
ero  JM,  Marco  J,  Fuentes  I,  Sergado  A.  Thorax 
1999Nov;54(ll):968-971. 

BACKGROUND:  Polysomnography  (PSG)  is 
currently  the  "gold  standard"  for  the  diagnosis 
of  the  sleep  apnoea  hypopnoea  syndrome 
(SAHS).  Nocturnal  oximetry  (NO)  has  been 
used  with  contradictory  results.  A  prospective 
study  was  performed  to  determine  the  accuracy 
of  NO  as  a  diagnostic  tool  and  to  evaluate  the 
reduction  in  the  number  of  PSGs  if  the  diagno- 
sis of  SAHS  had  been  e.stablished  by  this  method. 
METHODS:  Two  hundred  and  seventy  five  pa- 
tients with  a  clinical  suspicion  of  SAHS  were 
admitted  to  undergo,  in  the  same  night,  full 
PSG  and  NO.  Desaturation  was  defined  as  a  fall 


in  the  haemoglobin  saturation  level  (S„o,)  to 
lower  than  4%  from  the  baseline  level  and  an 
oxygen  desaturation  index  per  hour  (ODI)  was 
obtained  in  each  patient  with  three  cut  off  points: 
>  5  (ODI-5),  >\0  (ODI- 10),  and  £15  (ODI- 
15).  RESULTS:  SAHS  was  diagnosed  in  216 
patients  (194  men).  After  withdrawing  patients 
with  abnormal  lung  function  (forced  expiratory 
volume  in  one  second  (FEV,)  lower  than  80% 
predicted),  sensitivity  (SE),  specificity  (SP), 
positive  and  negative  predictive  values  (PPV 
and  NPV)  of  NO  were:  ODI-5  (80%,  89%,  97%, 
48%);  ODI- 10  (71%,  93%,  97%,  42%);  ODI- 15 
(63%,  96%,  99%,  38%).  The  accuracy  for  each 
ODI  was  0.81,  0.75,  and  0.70,  respectively.  If 
NO  had  been  considered  as  a  diagnostic  tool 
and  PSG  had  been  performed  only  in  patients 
with  a  negative  NO  (false  negative  and  true 
negative)  and  those  with  a  positive  NO  and 
abnormal  pulmonary  function  tests,  135/275 


(ODI-5),  156/275  (ODI- 10),  and  170/275  (ODI- 
15)  PSGs  would  have  been  performed,  a  reduc- 
tion of  140,  1 19,  and  105,  respectively.  CON- 
CLUSION: Nocturnal  oximetry  in  patients  with 
suspected  SAHS  and  normal  spirometric  values 
permits  the  institution  of  therapeutic  measures 
in  most  patients. 

An  Empirical  Comparison  of  the  St  George's 
Respiratory  Questionnaire  (SGRQ)  and  the 
Chronic  Respiratory  Disease  Questionnaire 
(CRQ)  in  a  Clinical  Trial  Setting— Molken 
MR,  Roos  B,  Van  Noord  JA.  Thorax  1999  Nov; 
54(10:995-1003. 

BACKGROUND:  The  Chronic  Respiratory 
Questionnaire  (CRQ)  and  the  St  George's  Re- 
spiratory Questionnaire  (SGRQ)  are  the  two 
most  widely  used  quality  of  life  questionnaires 
in  chronic  obstructive  pulmonary  disease 
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(COPD).  A  study  was  undertaiten  to  compare 
directly  tlie  self-administered  version  of  the 
CRQ  and  the  SGRQ  with  respect  to  feasibility, 
internal  consistency,  validity,  and  sensitivity  to 
changes  resulting  from  bronchodilator  therapy. 
METHODS:  One  hundred  and  forty  four  pa- 
tients with  moderate  or  severe  COPD  were  ran- 
domly assigned  to  receive  three  months  of  treat- 
ment with  either  salmeterol,  salmeterol  + 
ipratropium  bromide,  or  placebo.  Quality  of  life 
was  measured  at  baseline  and  after  12  weeks  of 
treatment.  RESULTS:  The  proportions  of  miss- 
ing values  per  patient  were  low  for  both  ques- 
tionnaires (0.54%  for  the  CRQ  and  2%  for  the 
SGRQ).  The  internal  consistency  was  good  for 
Ixith  questionnaires  (Cronbach's  alpha  coeffi- 
cients 2:0.84  for  the  CRQ  and  aO.76  for  the 
SGRQ).  Factor  analysis  confirmed  the  original 
domain  structure  of  the  CRQ  but  not  of  the 
SGRQ.  Correlations  with  forced  expiratory  vol- 
ume in  one  second  (FEV,)  %  predicted  and 
peak  expiratory  flow  rate  (PEFR)  were  low  for 
both  questionnaires  but  better  for  the  SGRQ 
than  for  the  CRQ.  The  ability  to  discriminate 
between  subjects  with  different  levels  of  FEV, 
was  somewhat  better  for  the  SGRQ.  The  cor- 
relations with  symptom  scores  were  compara- 
ble for  both  questionnaires.  Cross  sectionally, 
the  scores  of  the  two  questionnaires  were  mod- 
erately to  highly  correlated  (coefficients  ranged 
from  0.35  to  0.72).  Longitudinally,  these  cor- 


relations were  lower  (coefficients  ranged  from 
0. 1 7  to  0.54)  but  were  still  significant.  The  CRQ 
total  and  emotions  score  and  the  SGRQ  symp- 
toms score  were  the  most  responsive  to  change. 
The  SGRQ  symptoms  domain  was  the  only  do- 
main where  the  improvement  in  patients  receiv- 
ing combination  treatment  crossed  the  thresh- 
old for  clinical  relevance.  CONCLUSIONS: 
Since  this  analysis  of  reliability,  validity,  and 
responsiveness  to  change  did  not  clearly  favour 
one  instrument  above  the  other,  the  choice  be- 
tween the  CRQ  and  the  SGRQ  can  be  based  on 
other  considerations  such  as  the  required  sam- 
ple size  or  the  availability  of  reference  values. 

Dietary  Factors  and  Pulmonary  Function:  A 
Cross  Sectional  Study  in  Middle  Aged  Men 
from  Three  European  Countries — Tabak  C, 
Smit  HA,  Rasanen  L,  Fidanza  F,  Menotti  A, 
Nissinen  A,  et  al.  Thorax  1999  Nov;54(ll): 
1021-1026. 

BACKGROUND:  Results  of  epidemiological 
studies  relating  individual  dietary  factors  to 
chronic  obstructive  pulmonary  disease  (COPD) 
are  inconsistent.  To  evaluate  the  cross  sectional 
association  of  dietary  factors  with  pulmonary 
function,  data  were  collected  from  middle  aged 
men  in  three  European  countries.  METHODS: 
The  data  were  collected  in  the  1960s  in  Finland 
(n  =  1248),  Italy  (n  =  1386),  and  the  Nether- 


lands (n  =  691).  Dietary  intake  was  estimated 
using  the  cross-check  dietary  history  method. 
Forced  expiratory  volume  (FEVj,,,  or  FEV,, 
here  called  FEV)  was  measured  by  spirometry. 
Associations  were  adjusted  for  age,  height, 
smoking,  body  mass  index  (BMI).  alcohol  con- 
sumption, and  energy  intake.  RESULTS:  FEV 
was  positively  associated  with  intake  of  vita- 
min E  in  Finland,  with  intake  of  fruit  in  Italy, 
and  with  intake  of  beta-carotene  in  the  Nether- 
lands. In  all  three  countries  men  with  intakes  of 
both  fruit  and  vegetables  above  the  median  had 
a  higher  FEV  than  those  with  a  low  intake  of 
both  foods.  The  difference  in  FEV  ranged  from 
1 10  to  169  mL  before  and  from  53  to  1 18  mL 
after  energy  adjustment.  Differences  in  FEV 
for  intake  of  three  antioxidants  (vitamins  C  and 
E  and  beta-carotene)  above  versus  below  the 
median  ranged  from  61  to  181  mL  before  and 
from  -35  to  58  mL  after  energy  adjustment. 
Intake  of  fish  was  not  associated  with  FEV. 
CONCLUSIONS:  In  three  European  countries 
a  high  intake  of  fruit  and  vegetables  was  posi- 
tively associated  with  pulmonary  function.  A 
high  intake  of  all  three  antioxidants  tended  to 
be  positively  associated  with  pulmonary  func- 
tion before,  but  not  after,  adjustment  for  energy 
intake.  Associations  of  individual  antioxidants 
with  pulmonary  function  were  not  consistent 
across  countries. 

A  Randomized,  Controlled  Trial  of  the  Ef- 
fects of  Remote,  Intercessory  Prayer  on  Out- 
comes in  Patients  Admitted  to  the  Coronary 
Care  Unit— Harris  WS,  Gowda  M,  Kolb  JW, 
Strychacz  CP,  Vacek  JL,  Jones  PG,  et  al.  Arch 
Intern  Med  1999  Oct  25;159(19):2273-2278. 

CONTEXT:  Intercessory  prayer  (praying  for 
others)  has  been  a  common  response  to  sick- 
ness for  millennia,  but  it  has  received  little  sci- 
entific attention.  The  positive  findings  of  a  pre- 
vious controlled  trial  of  intercessory  prayer  have 
yet  to  be  replicated.  OBJECTIVE:  To  deter- 
mine whether  remote,  intercessory  prayer  for 
hospitalized,  cardiac  patients  will  reduce  over- 
all adverse  events  and  length  of  stay.  DESIGN; 
Randomized,  controlled,  double-blind,  prospec- 
tive, parallel-group  trial.  SETTING:  Private, 
university-associated  hospital.  PATIENTS: 
Nine  hundred  ninety  consecutive  patients  who 
were  newly  admitted  to  the  coronary  care  unit 
(CCU).  INTERVENTION:  At  the  time  of  ad- 
mission, patients  were  randomized  to  receive 
remote,  intercessory  prayer  (prayer  group)  or 
not  (usual  care  group).  The  first  names  of  pa- 
tients in  the  prayer  group  were  given  to  a  team 
of  outside  intercessors  who  prayed  for  them 
daily  for  4  weeks.  Patients  were  unaware  that 
they  were  being  prayed  for,  and  the  intercessors 
did  not  know  and  never  met  the  patients.  MAIN 
OUTCOME  MEASURES:  The  medical  course 
from  CCU  admission  to  hospital  discharge  was 
summarized  in  a  CCU  course  score  derived  from 
blinded,  retrospective  chart  review.  RESULTS: 
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Compared  with  the  usual  care  group  (n  =  524), 
the  prayer  group  (n  =  466)  had  lower  mean  ± 
SEM  weighted  (6.35  ±  0.26  vs  7.13  ±  0.27; 
p=0.04)  and  unweighted  (2.7  ±  0.1  vs  3.0  ± 
0.1;  p=0.04)  ecu  course  scores.  Lengths  of 
ecu  and  hospital  stays  were  not  different.  CON- 
CLUSIONS: Remote,  intercessory  prayer  was 
associated  with  lower  CCU  course  scores.  This 
result  suggests  that  prayer  may  be  an  effective 
adjunct  to  standard  medical  care. 

Effects  of  Exercise  Training  on  Older  Pa- 
tients witli  Major  Depression — Blumenthal 
JA.  Babyak  MA,  Moore  KA,  Craighead  WE, 
Herman  S,  Khatri  P,  et  al.  Arch  Intern  Med 
1999  Oct  25:159(19):2349-2356. 

BACKGROUND:  Previous  observational  and 
interventional  studies  have  suggested  that  reg- 
ular physical  exercise  may  be  associated  with 
reduced  symptoms  of  depression.  However,  the 
extent  to  which  exercise  training  may  reduce 
depressive  symptoms  in  older  patients  with  ma- 
jor depressive  disorder  (MDD)  has  not  been 
systematically  evaluated.  OBJECTIVE:  To  as- 
sess the  effectiveness  of  an  aerobic  exercise 
program  compared  with  standard  medication  (ie, 
antidepressants)  for  treatment  of  MDD  in  older 
patients,  we  conducted  a  1 6- week  randomized 
controlled  trial.  METHODS:  One  hundred  fif- 
ty-six men  and  women  with  MDD  (age,  a  50 


years)  were  assigned  randomly  to  a  program  of 
aerobic  exercise,  antidepressants  (sertraline  hy- 
drochloride), or  combined  exercise  and  medi- 
cation. Subjects  underwent  comprehensive  eval- 
uations of  depression,  including  the  presence 
and  severity  of  MDD  using  Diagnostic  and  Sta- 
tistical Manual  of  Mental  Disorders,  Fourth  Edi- 
tion criteria  and  Hamilton  Rating  Scale  for  De- 
pression (HAM-D)  and  Beck  Depression 
Inventory  (BDI)  scores  before  and  after  treat- 
ment. Secondary  outcome  measures  included 
aerobic  capacity,  life  satisfaction,  self-esteem, 
anxiety,  and  dysfunctional  cognitions.  RE- 
SULTS: After  16  weeks  of  treatment,  the  groups 
did  not  differ  statistically  on  HAM-D  or  BDI 
scores  (p  =  0.67);  adjustment  for  baseline  lev- 
els of  depression  yielded  an  essentially  identi- 
cal result.  Growth  curve  models  revealed  that 
all  groups  exhibited  statistically  and  clinically 
significant  reductions  on  HAM-D  and  BDI 
scores.  However,  patients  receiving  medication 
alone  exhibited  the  fastest  initial  response; 
among  patients  receiving  combination  therapy, 
those  with  less  severe  depressive  symptoms  ini- 
tially showed  a  more  rapid  response  than  those 
with  initially  more  severe  depressive  symptoms. 
CONCLUSIONS:  An  exercise  training  program 
may  be  considered  an  alternative  to  antidepres- 
sants for  treatment  of  depression  in  older  per- 
sons. Although  antidepressants  may  facilitate  a 
more  rapid  initial  therapeutic  response  than  ex- 


ercise, after  16  weeks  of  treatment  exercise  was 
equally  effective  in  reducing  depression  among 
patients  with  MDD. 


Differences  in  Lung  Bioavailability  between 
Different  Propellants  for  Fluticasone  Propi- 
onate— Wilson  AM.  Sims  EJ,  Orr  LC,  Lipworth 
BJ.  Lancet  1999  Oct  I6;354(9187):I357-1358. 

The  lung  bioavailability  (as  adrenal  suppres- 
sion) of  fluticasone  propionate  was  about  two- 
fold greater  with  chlorofluorocart)ons  than  hy- 
drofluoroalkane  as  propellant.  Direct  switching 
between  formulations  on  a  microg  equivalent 
may  therefore  be  inadvisable. 


Impediments  to  Writing  Do-Not-Resuscitate 
Orders — Eliasson  AH,  Parker  JM.  Shorr  AF, 
Babb  KA,  Harris  R,  Aaronson  BA,  Diemer  M. 
Arch  Intern  Med  1999  Oct  1 1;I59(I8):22I3- 
2218. 

BACKGROUND:  Physicians  are  frequently  un- 
aware of  their  patients'  desires  regarding  end- 
of-life  care.  Consequently,  opportunities  to  im- 
plement do-not-resuscitate  (DNR)  orders  are 
often  missed.  OBJECTIVE:  To  determine  the 
reasons  attending  physicians  do  not  write  DNR 
orders  when  patients  face  increased  mortality. 
METHODS:  Over  4  months,  the  medical  records 
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of  all  inpatients  on  the  General  Medicine  Ser- 
vice were  reviewed  at  the  time  of  discharge  to 
identify  patients  with  conditions  predicting  in- 
creased mortality.  These  cases  were  presented 
to  a  5-member  panel  who  decided  if  a  DNR 
order  was  indicated.  Reasons  for  missing  DNR 
orders  were  discussed  with  the  attending  phy- 
sicians. RESULTS:  Of  613  consecutive  admis- 
sions, the  panel  identified  149  patients  (24%) 
for  whom  DNR  orders  were  indicated.  In  88 
(59%)  of  these.  DNR  orders  were  absent.  The 
lack  of  a  DNR  order  did  not  correlate  with  age 
(p  =  0.95).  sex  (p  =  0.61 ),  or  race  (p  =  0.80). 
The  attending  physicians'  explanations  for  not 
writing  DNR  orders  in  these  88  cases  included 
the  belief  that  the  patient  was  not  in  imminent 
danger  of  death  (n  =  49  [56%]).  the  belief  that 
the  primary  physician  should  discuss  DNR  is- 
sues (n  =  43  |49%]).  and  the  lack  of  an  appro- 
priate opportunity  to  discuss  end-of-life  issues 
(n  =  38  (43%1).  In  11  (12%)  of  the  88  cases, 
patients  or  their  families  did  not  accept  the  rec- 
ommendation for  a  DNR  order.  No  physicians 
expressed  concerns  regarding  the  morality  of 
DNR  orders,  discomfort  discussing  end-of-life 
issues,  or  the  threat  of  litigation  as  reasons  for 
not  writing  a  DNR  order.  CONCLUSIONS: 
Limitations  in  the  extent  and  depth  of  the  phy- 
sician-patient relationship  appear  to  be  the  most 
frequent  impediments  to  writing  DNR  orders  in 
our  institution. 


Are  Health  Care  Professionals  Advising 
Obese  Patients  to  Lose  Weight? — Galuska 
DA.  Will  JC.  Serdula  MK.  Ford  ES.  JAMA 
1999  Oct  27:282(1 6):  1576- 1578. 

CONTEXT:  Implementation  of  the  National  In- 
stitutes of  Health's  1998  guidelines,  which  rec- 
ommended that  health  care  professionals  advise 
obese  patients  to  lose  weight,  required  baseline 
data  for  evaluation.  OBJECTIVES:  To  describe 
the  proportion  and  characteristics  of  obese  per- 
sons advised  to  lose  weight  by  their  health  care 
professional  during  the  previous  12  months  and 
to  determine  whether  the  advice  was  associated 
with  reported  attempts  to  lose  weight.  DESIGN: 
The  Behavioral  Risk  Factor  Surveillance  Sys- 
tem, a  random-digit  telephone  survey  conducted 
in  1996  by  slate  health  departments.  SETTING: 
Population-based  sample  from  50  states  and  the 
District  of  Columbia.  PARTICIPANTS:  A  total 
of  12835  adults.  18  years  and  older,  classified 
as  obese  (body  mass  index  a30  kg/m").  who 
had  visited  their  physician  for  a  routine  checkup 
during  the  previous  12  months.  MAIN  OUT- 
COME MEASURES:  Reported  advice  from  a 
health  care  professional  to  lose  weight,  and  re- 
ported attempts  to  lose  weight.  RESULTS:  For- 
ty-two percent  of  participants  reported  that  their 
health  care  professional  advised  them  to  lose 
weight.  Using  multivariate  logistic  regression 
analysis,  we  found  that  the  persons  who  were 


more  likely  to  receive  advice  were  female,  mid- 
dle aged,  had  higher  levels  of  education,  lived 
in  the  northeast,  reported  poorer  perceived 
health,  were  more  obese,  and  had  diabetes  mei- 
litus.  Persons  who  reported  receiving  advice  to 
lose  weight  were  significantly  more  likely  to 
report  trying  to  lose  weight  than  those  who  did 
not  (OR,  2.79;  95%  CI.  2.53-3.08).  CONCLU- 
SIONS: Less  than  half  of  obese  adults  report 
being  advised  to  lose  weight  by  health  care  pro- 
fessionals. Barriers  to  counseling  need  to  be 
identified  and  addressed. 


Evaluation  of  the  Effect  of  a  Large  Volume 
Spacer  on  the  Systemic  Bioactivity  of  Fluti- 
casone Propionate  Metered-Dose  Inhaler — 

Dempsey  OJ.  Wilson  AM.  Coutie  WJ.  Lipworth 
BJ.  Chest  1999  Oct:l  l6(4):935-940. 

Background:  Inhaled  corticosteroids  such  as  flu- 
ticasone propionate  (FP)  have  dose-related  sys- 
temic effects,  including  adrenal  suppression.  We 
have  therefore  investigated  the  effect  of  adding 
a  large  volume  spacer  on  the  systemic  bioac- 
tivity of  FP  given  via  a  pressurized  metered- 
dose  inhaler(pMDI).  Methods:  Fourteen  healthy 
volunteers  (mean  age.  29.9  years  old)  were  stud- 
ied using  an  open,  randomized,  placebo-con- 
trolled, three-way  crossover  design.  Single  doses 
of  the  following  were  given  at  5:00  PM  in  a 
randomized  sequence:  ( 1 )  eight  puffs  of  FP  by 
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pMDI,  1 .76  mg  (250  micrograms  ex-valve,  220 
micrograms  ex-actuator);  (2)  eight  puffs  of  FP 
by  pMDI,  250  micrograms,  with  750-mL  spacer 
(Volumatic;  Allen  &  Hanburys;  Uxbridge,  UK); 
and  (3)  eight  puffs  of  placebo  by  pMDI.  Mea- 
surements were  made  after  each  dose,  includ- 
ing overnight  and  early  morning  urinary  Corti- 
sol/creatinine ratios  and  8:00  AM  serum  Cortisol. 
Results;  Significant  (p  <  0.05)  suppression  of 
all  three  end  points  occurred  with  each  active 
treatment  compared  to  treatment  with  placebo. 
Furthermore,  significant  (p  <  0.05)  additional 
suppression  occurred  when  comparing  FP  by 
pMDI  alone  to  FP  by  pMDI  with  spacer.  Geo- 
metric mean  fold  differences  (95%  confidence 
interval  for  fold  difference)  between  FP  by 
pMDI  alone  and  FP  by  pMDI  with  spacer  were 
1 .94-fold  ( 1 .00-3.78)  for  overnight  urinary  Cor- 
tisol/creatinine ratio  and  1.98-fold  (1.26-3.10) 
for  8:00  AM  serum  Cortisol.  This  was  mirrored 
by  a  twofold  rise  in  the  number  of  values  for 
uncorrected  overnight  urinary  Cortisol  <  10 
nmol/10  h:  placebo  treatment  (none  of  14  sub- 
jects); FP  by  pMDI  (6  of  14  subjects;  43%); 
andFPby  pMDI  with  spacer  (12  of  14  subjects; 
86%).  Conclusions:  The  use  of  a  large  volume 
spacer  with  FP  by  pMDI  results  in  a  twofold 
increase  in  the  systemic  bioavailability  as  as- 
sessed by  sensitive  measures  of  adrenal  sup- 
pression. This,  in  turn,  reflects  a  twofold  im- 


provement in  respirable  dose  delivery  with  the 
spacer  device. 

Effect  of  Sputum  Induction  on  Spirometric 
Measurements  and  Arterial  Oxygen  Satura- 
tion in  Asthmatic  Patients,  Smolders,  and 
Healthy  Subjects — Castagnaro  A,  Chetta  A, 
Foresi  A,  D'lppolito  R,  Malorgio  R,  Olivieri  D. 
Chest  1999  Oct;  1 16(4);94 1-945. 

Background:  Sputum  production  induced  by  in- 
halation of  hypertonic  saline  solution  has  been 
proposed  as  a  technique  to  collect  secretions 
and  inflammatory  cells  from  the  airways  of  sub- 
jects with  bronchial  asthma  or  with  a  history  of 
smoking.  The  aim  of  this  study  was  to  deter- 
mine the  effect  of  a  sputum  induction  proce- 
dure on  spirometric  results  and  arterial  oxygen 
saturation  (S.,„,)  in  asthmatic  patients,  smokers, 
and  healthy  subjects.  Methods:  We  recruited  14 
subjects  suffering  from  asthma  ( 1 1  men  and  3 
women;  age  range,  18  to  49  years),  14  subjects 
with  a  history  of  smoking  (5  men  and  9  women; 
age  range,  23  to  64  years),  and  9  healthy  vol- 
unteers (7  men  and  2  women;  age  range,  28  to 
54  years).  To  obtain  a  sample  of  induced  spu- 
tum, all  subjects  inhaled  a  mist  of  3%  hyper- 
tonic saline  solution  nebulized  for  5  min  and 
repeated  the  cycle  no  more  than  four  times. 
Asthmatic  patients  were  pretreated  with  200  mi- 
crograms salbutamol  (inhaled).  During  sputum 


induction,  the  transcutaneous  S^q,  was  contin- 
uously measured  and  baseline,  fall,  and  the  dif- 
ferences between  baseline  and  fall  S„o,  were 
recorded.  Additionally,  we  measured  the  dura- 
tion of  mild  desaturation  (change  in  S„o,  "^ 
4%)  and  of  marked  desaturation  (change  in 
S„o,  >  5%)  in  each  subject.  Finally,  ba.seline 
FEV|  and  changes  in  FEV,  as  a  percentage  of 
baseline  values  were  recorded  in  all  subjects. 
Results:  We  found  that  baseline  and  fall  S„o, 
values  for  the  three  groups  were  similar.  How- 
ever, in  each  group  a  significant  mean  change 
in  S„o,  *3s  evident  during  sputum  production 
(asthmatic  patients,  6.0%;  smokers,  5.3%; 
healthy  subjects,  6.0%).  Moreover,  the  mean 
durations  of  mild  desaturation  were  7  min,  21  s 
in  asthma  patients;  8  min,  24  s  in  smokers;  and 
7  min,  16  s  in  healthy  subjects.  Similarly,  the 
durations  of  marked  desaturation  were  1  min, 
25  s  in  asthmatic  patients;  1  min,  19  s  in  smok- 
ers; and  1  min,  21  s  in  healthy  subjects.  The 
mean  (±  SD)  fall  in  FEV,  was  not  statistically 
different  among  the  three  groups  (asthmatic  pa- 
tients, 1.36  ±  5.6%;  smokers,  7.58  ±  11.76%; 
and  healthy  subjects,  0.05  ±  9.6%).  However, 
one  smoker  did  experience  excessive  broncho- 
constriction  (fall  in  FEV,  >  20%).  Conclusions: 
This  study  demonstrated  a  significant  and  com- 
parable fall  in  Sj,o,  during  sputum  induction  by 
inhalation  of  hypertonic  saline  .solution  in  asth- 
matic patients,  smokers,  and  healthy  subjects. 
The  results  suggest  that  subjects  who  are  hy- 
poxemic before  sputum  induction  require  S„o, 
monitoring  during  the  procedure. 

The  Relationships  among  Pulmonary  Func- 
tion, Aerobic  Fitness,  and  Cognitive  Func- 
tioning in  Older  COPD  Patients — Etnier  J, 
Johnston  R,  Dagenbach  D,  Pollard  RJ,  Rejeski 
WJ,  Berry  M.  Chest  1999  Oct;l  16(4):953-960. 

Study  objectives:  To  study  the  predictive  rela- 
tionships among  age,  pulmonary  function,  aer- 
obic fitness,  and  cognition  in  people  with  COPD. 
Design:  Observational  study  conducted  during 
baseline  testing  with  COPD  patients  who  vol- 
unteered to  participate  in  an  exercise  interven- 
tion. Participants:  Older  adults  (age,  56  to  80 
years)  with  COPD.  Measurements  and  results: 
Age,  depression,  education  level,  aerobic  fit- 
ness, blood  oxygen  saturation  levels,  and  pul- 
monary function  were  assessed.  Participants 
were  randomly  assigned  to  take  cognitive  tests 
of  (1)  fluid  intelligence,  (2)  processing  speed 
and  working  memory  span,  or  (3)  processing 
speed  and  inhibition.  After  controlling  for  ed- 
ucation and  depression  (F(2,57)  =  7.43;  r^  =  0. 
21),  performance  on  the  6-min  walk  (F(l,56)  = 
15.27;  r-  =  0.17)  and  age  (F(  1,55)  =  7.52;  r^  = 
0.08)  were  significant  predictors  of  fluid  intel- 
ligence. On  the  speed-of-priKcssing  task,  per- 
formance on  the  6-min  walk  (F(l,.30)  =  8.17; 
r^  =  0.20),  maximum  voluntary  ventilation 
(F(  1 ,29)  =  5.8 1 ;  r'  =  0. 1 6),  and  age  (F(  1 ,28)  = 
5.26;  r^  =  0.10)  were  significant  predictors. 
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Portex®  Arterial  Blood  Sampling  Devices 


When  the  chemistry  is  right, 
the  possibilities  are  endless. 


The  right  chemistry  can  spark 
great  relationships,  inspire 
genius,  and  produce  medical 
breakthroughs.  Case  in  point: 
Portex*  advanced  formula 
heparin  makes  arterial  blood 
sampling  easier,  more  accurate, 
and  more  efficient,  permitting 
1 1  tests  from  a  single  sample. 
With  such  inspired 
innovations,  the  relationship 
between  our  ABS  products  and 
discriminating  clinicians  wiU 
go  on  forever. 

Our  chemistry  is  so 
right  that  one  sample  is 
all  you  need  for  11  tests. 

Our  advanced  formula  heparin 
combines  the  necessary 
anticoagulant  effect  with 
calcium-neutral  heparin  for 
more  accurate,  more  extensive 
testing  from  a  single  sample. 
Ours  is  the  first  and  only 
heparin  formula  that  can 
measure  1 1  indications  from 
one  arterial  blood  sample. 


Endless  possibilities, 
more  products,  lots  of 
safety  features. 

SIMS  Portex  Inc.  offers  more 
product  choices  than  any  other 
manufacturer — liquid  and  dry 
heparin,  with  syringe  sizes 
ranging  from  1  cc  to  3  cc. 
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We  also  help  to  eliminate  the 
frightening  possibility  of 
needlesticks  with  ouj  patented 
Needle-Pro*  needle  protection 
device;  the  Filter-Pro*  air 
bubble  removal  device  is 
standard  on  all  our  syringes. 

That  special  spark? 

There  is  a  special  chemistry 
between  SIMS  Portex  Inc.  and 
the  clinicians  who  use  our 
products,  a  relationship  built 
on  trust,  support,  and 
reliability.  Clinicians  prefer 
our  blood  sampling  devices  for 
obvious  reasons:  they  are  safer, 
easier  to  use,  and  less 
traumatic  for  patients. 

Newly  released  on 
videotape. 

Call  us,  toll-free,  to  get  your 
tape  of  our  newest  video 
release  on  arterial  blood 
sampling  devices  and 
techniques.  Ask  for  Nicole 
Hall,  1-800-258-5361, 
prompt  4,  ext  226. 
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www.portexusa.com 
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Abstracts 


FVC  was  a  significant  predictor  (F(l  ,25)  =  6.37: 
r^  =  0.18)  of  working  memory  span.  The  abil- 
ity to  inhibit  a  response  was  not  significantly 
predicted  by  any  of  the  variables  assessed.  Con- 
clusions: In  an  older  COPD  sample,  age,  aero- 
bic fitness,  and  pulmonary  function  are  predic- 
tive of  cognitive  performance  on  various  tasks. 
In  particular,  age  and  aerobic  fitness  are  pre- 
dictive of  speed  of  processing,  which  is  a  cog- 
nitive variable  that  may  itself  underlie  perfor- 
mance on  a  majority  of  cognitive  tasks. 

Self-Adjusting  Nasal  Continuous  Positive 
Airway  Pressure  Therapy  Based  on  Measure- 
ment of  Impedance:  A  Comparison  of  Two 
Different  Maximum  Pressure  Levels — Rand- 
erath  WJ,  Parys  K,  Feldmeyer  F,  Sanner  B, 
Ruble  KH.  Chest  1999  Oct;l  16(4):99 1-999. 

Study  objective:  Automatic  titration  using  the 
forced  oscillation  technique  (FOT)  has  recently 
been  developed  for  the  treatment  of  obstructive 
sleep  apnea  syndrome  (OSAS).  So  far,  it  is  not 
known  if  therapy  with  automatic  nasal  contin- 
uous positive  airway  pressure  (nCPAP)  using  a 
preset  upper  pressure  limitation  or  a  free  range 
(which  might  lead  to  higher  mean  pressure)  is 
preferable  with  regard  to  obstructive  events, 
sleep  stages,  and  pressure  characteristics.  De- 
sign: After  diagnostic  polysomnography,  pa- 
tients were  randomly  assigned  to  two  settings 
with  the  self-adjusting  nCPAP  (APAP)  device 
based  on  the  FOT.  In  mode  1 ,  the  pressure  vari- 
ation ranged  from  4  to  15.5  cm  H,0,  and  in 
mode  2,  the  pressure  variation  ranged  from  4 
cm  H2O  to  an  individual  upper  pressure  limit. 
Patients:  Eleven  men,  aged  53.0  ±  6.8  years 
with  a  body  mass  index  of  32.4  ±  5. 1  kg/nr 
and  an  apnea-hypopnea  index  (AHI)  of  31.6  ± 
26.6/h.  Measurements  and  results:  Manually  ti- 
trated pressure  was  at  9.3  ±  2.1  cm  HjO.  the 
mean  pressure  in  mode  1  was  5.4  ±  1.0  cm 
H2O  (p  <  0.01 ),  and  the  mean  pressure  in  mode 
2  was  5.1  ±  0.7  cm  H,0  (p  <  0.01 ).  A  reduc- 
tion of  respiratory  events  (baseline  AHI,  31.6  ± 
26.6/h;  AHI  in  mode  1 ,  3.4  ±  4.5;  AHI  in  mode 
2,  5.0  ±  7.2;  each  with  p  <  0.001)  and  an 
increase  in  the  "rapid  eye  movement"  stage  of 
sleep  (baseline,  13.0  ±  5.5%;  mode  1,  22.0  ± 
7.7  (p  <  0.051;  mode  2,  23.0  ±  7.9  |p  <  0.01]) 
were  achieved.  In  mode  1,  the  mean  pressure 
was  below  the  manual  pressure  91 .7  ±  9.3%  of 
the  time,  and  in  mode  2,  the  mean  pressure  was 
below  the  manual  pressure  90.4  ±  6.3%  of  the 
time.  The  manual  pressure  was  exceeded  by 
5.5  ±  7.4%  (mode  1 )  and  by  5.2  ±  3. 1  %  (mode 
2).  Conclusion:  We  conclude  that  nCPAP  ther- 
apy ba.sed  on  the  FOT  permits  the  adequate 
treatment  of  OSAS  with  significantly  lower 
pressure  than  manually  titrated  nCPAP  therapy 
does.  A  presetting  of  an  upper  pressure  limit 
has  no  advantage  compared  to  free  range. 

The  Sleep  Supine  Position  Has  a  Major  Ef- 
fect on  Optimal  Nasal  Continuous  Positive 


Airway  Pressure:  Relationship  with  Rapid 
Eye  Movements  and  Non-Rapid  Eye  Move- 
ments Sleep,  Body  Mass  Index,  Respiratory 
Disturbance  Index,  and  Age — Oksenberg  A, 
Silverberg  DS,  Arons  E,  Radwan  H.  Chest  1999 
Oct;  11 6(4):  1000- 1006. 

Study  objectives:  To  evaluate  the  impact  of  sleep 
position  on  optimal  nasal  continuous  positive 
airway  pressure  (nCPAP  [op-nCPAP])  in  ob- 
.structive  sleep  apnea  (OSA)  patients  and  to  in- 
vestigate how  rapid  eye  movements  (REM)  and 
Non-REM  (NREM)  sleep,  body  mass  index 
(BMl),  respiratory  disturbance  index  (RDl),  and 
age  are  related  to  this  effect.  Design:  Retro- 
spective analysis.  Setting:  Sleep  Disorders  Unit 
at  Loewen.stein  Hospital  Rehabilitation  Center. 
Patients:  Eighty-three  consecutive  adult  OSA 
patients  who  underwent  a  complete  nCPAP  ti- 
tration. From  this  group.  60  patients  who  spent 
at  least  30  min  in  both  the  supine  (Sup)  and 
lateral  (Lat)  positions  and  46  patients  who  had 
data  on  both  positions  during  REM  and  NREM 
sleep  were  included  in  the  analysis.  Results:  In 
most  OSA  patients  (52:  86.7%),  the  recom- 
mended op-nCPAP  was  obtained  when  the  pa- 
tients slept  in  the  Sup  posture.  The  mean  op- 
nCPAP  was  significantly  higher  in  the  Sup 
posture  (10.00  ±  2.20  cm  H^O)  than  it  was  in 
the  Lat  posture  (7.61  ±  2.69  cm  H,0).  The 
op-nCPAP  was  significantly  higher  in  the  Sup 
position  than  it  was  in  the  Lat  position  in  both 
REM  and  NREM  sleep,  as  well  as  in  the  severe 
BMl  group  (BMI  a  30)  and  in  the  less  obese 
group  (BMl  <  30).  Similarly,  in  the  severe 
(RDI  a  40)  and  less  severe  groups  (RDl  <  40), 
as  well  as  in  both  age  groups  (<  and  >  60 
years  of  age),  the  op-nCPAP  was  significantly 
higher  in  the  Sup  posture  than  it  was  in  the  Lat 
posture.  Irrespective  of  the  four  parameters  men- 
tioned, the  actual  differences  in  op-nCPAP  be- 
tween the  two  body  postures  were  almost  iden- 
tical, ranging  between  2.31  and  2.66  cm  HjO. 
Conclusions:  For  most  OSA  patients,  the  op- 
nCPAP  level  is  significantly  higher  in  the  Sup 
position  than  it  is  in  the  Lat  position.  This  is 
true  for  REM  and  NREM  sleep,  for  obese  and 
nonobese  patients,  for  patients  with  different 
degrees  of  severity,  and  for  young  and  old  OSA 
patients.  Since  the  op-nCPAP  was  highest  in 
the  Sup  posture  during  REM  sleep,  no  nCPAP 
titration  should  be  considered  complete  without 
the  patient  having  slept  in  the  Sup  posture  dur- 
ing REM  sleep. 

Differences  in  the  Response  Times  of  Pages 
Originating  from  the  ICU — Moss  M,  Trow 
TK,  Clardy  N.  Chest  1999  Oct;l  16(4):  1019- 
1024. 

Study  objectives:  To  determine  whether  the  type 
of  paging  system  cau.ses  significant  differences 
in  the  response  time  by  physicians  to  their  pages 
in  an  ICU  setting.  Design  and  setting:  Prospec- 
tive cohort  study  performed  in  the  ICU  of  two 


university-affiliated  hospitals.  All  pages  were 
classified  by  several  different  variables,  includ- 
ing the  type  of  paging  system:  direct  paging  if 
a  nurse  or  hospital  operator  could  directly  place 
the  page,  or  indirect  paging  if  a  nurse  or  hos- 
pital operator  was  required  to  contact  the  phy- 
sician's office  or  a  private  answering  service 
who  would  then  independently  contact  the  phy- 
sician. The  main  outcome  measure  was  physi- 
cians' response  time,  in  minutes,  to  pages  orig- 
inating from  the  ICU.  Results:  During  a  100- 
day  period,  402  pages  were  sent  and  answered 
by  166  different  physicians  (87  attending  phy- 
sicians and  79  housestaff/physician  assistants). 
The  median  response  time  for  all  pages  was  3 
min  with  a  25  to  75%  quartile  of  1  to  8  min. 
Twenty-five  percent  of  the  pages  placed  through 
an  indirect  system  were  associated  with  a  re- 
.sponse  time  of  a  29  min.  In  a  multivariate 
model  with  the  response  time  dichotomized  at  a 
15  min  ("slow")  or  <  15  min  ("adequate"), 
pages  placed  through  an  indirect  system  were 
answered  significantly  more  slowly  than  pages 
placed  through  a  direct  system  (p  <  0.001 :  odds 
ratio,  4.36;  95%  confidence  interval,  2.05  to 
9.29).  Pages  answered  in  an  adequate  ainount 
of  time  were  also  associated  with  a  significantly 
higher  degree  of  overall  nursing  satisfaction  with 
the  care  delivered  by  the  physician  in  response 
to  the  specific  page  when  compared  with  pages 
answered  in  a  "slow"  manner  (p  <  0.001).  Con- 
clusions: Physicians  who  use  an  indirect  paging 
system  are  significantly  slower  in  their  response 
to  ICU  pages  when  compared  with  physicians 
who  utilize  a  direct  paging  system.  These  re- 
sults may  lead  to  improvements  in  paging  sys- 
tems used  by  physicians  who  care  for  patients 
in  an  ICU  setting. 

Reengineering  Respiratory  Support  Follow- 
ing Extubation:  Avoidance  of  Critical  Care 
Unit  Costs — Munshi  lA.  DeHaven  B.  Kirton 
O,  Sleeman  D,  Navarro  M.  Chest  1999  Oct; 
116(4):1025-1028. 

Study  objective:  We  prospectively  investigated 
alternative  clinical  practice  strategies  for  criti- 
cally ill  trauma  patients  following  extubation  to 
evaluate  the  cost-effectiveness  of  these  maneu- 
vers. The  primary  change  was  elimination  of 
the  routine  use  of  postextubation  suppleinental 
oxygen,  with  concurrent  utilization  of  noninva- 
sive positive  pressure  ventilatory  support 
(NPPV)  to  manage  occurrences  of  postextuba- 
tion hypoxemia.  Design:  Prospective,  consecu- 
tive accrual  of  patients  undergoing  extubation. 
Setting:  Trauma  ICU  in  a  university  hospital. 
Interventions  and  measurements:  All  patients 
received  mechanical  ventilation  using  pressure 
support  ventilation  (PSV)  with  continuous  pos- 
itive airway  pressure  (CPAP)  as  the  primary 
mode.  The  patients  were  exiubatcd  to  room  air 
following  a  20-min  preexlubation  trial  of  5  cm 
H,0  CPAP  at  F,„,  of  0.2 1 .  and  demonstrating  a 
spontaneous  respiratory  rate  £  38  breaths/min. 
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WHEN  YOUR  PATIENTS  CAN'T  BREATHE,  THEY  RELY  ON  YOU. 
THAT'S  WHY  YOU  NEED  THE  iIaTEST  INFORMATION 
ABOUT  THE  CARE  AND  TREATMENT  OF  ASTHMA 

Continuing  Education  Products  that  You  Can  Rely 
ON  TO  Help  Your  Patients  Breathe  Easier 


Earn  CoKnNUNa  Education  Creoct  wim 

Asthma  Disease  State  Manaqement  Estabushinq  a  Partnership 

A  three-part  video  program  that  provides  instruction  in  how  to  create  an  effective 
asthma  disease  management  program  in  your  facility  and  covers  diagnosis,  phar- 
macological therapy,  environmental  controls,  patient/family  education,  and  case 
studies.  Approved  for  two  hours  of  continuing  education  credit  by  CRCE  and 
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Status  Asthmatwus  SiMuuaioN 

involves  the  initial  assessment  of  a  35-year-old  man  with  a  history  of  allergic 

asthma.  Low-flow  oxygen  is  administered  initially,  followed  by  bronchodilator 

therapy.  As  the  simulation  progresses,  the  patient  is  intubated  and 

receives  mechanical  ventilation.  The  user  is  required  to  make 

initial  settings  and  adjustments  according  to  ABG  results  and 

patient  response.  Also  included  in  the  simulation  is  a  switch  to 

IMV  mode,  sedation,  and  eventual  extubation  and  placement 

on  a  40  percent  aerosol  mask.  CAI  Software  (Requires 

Windows'  3.1). 
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Chronic  Obstructive  Pulmonarv  DtSEASE  (CORD)  Simulation 

The  user  is  asked  to  perform  initial  assessment  and 

pulmonary  function  studies  on  a  patient  with  chronic  lung 

disease.  Then,  the  user  classifies  the  patient's  disease  as  mild, 

moderate,  severe  restrictive,  and/or  obstructive  disease.  The  simulation  asks  for 

home  care  and  home  equipment  cleaning  recommendations.  Three  months  later 

the  patient  enters  the  ER  with  respiratory  distress,  requiring  initial  evaluation  and 

therapy  CAI  Software  {Requires  Windows"  3.1). 
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Bronchooilators  I:  Sympathomimetk  Amines 

Understand  the  results  of  stimulating  the  autonomic  nervous  system  and  the  use 
of  sympathomimetic  drugs  to  accomplish  bronchodilation.  Exposes  you  to  basic 
aspects  of  adrenergic  bronchodilators  and  the  patient  situations  for  which  they 
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Bronchooilators  II:  Anti-Chouneroics  and  Xanthines 

Identifies  the  three  categories  of  drugs  that  promote  bronchodilation  and  the 

mechanism  of  action  for  each.  This  package  also  provides  examples  of  drugs  in 
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Asthma  Druos  and  Medications:  What's  Rioht  and 
What's  Wrong 

Reviews  the  pharmacology  section  of  the  revised 
NAEPP  Guidelines.  Additionally,  the  potential 
hazards  and  undesirable  side  effects  of  commonly 
prescribed  medications  will  be  discussed,  with  alter- 
native treatment  regimens  suggested.  Featuring 
William  Luskin,  MD,  and  David  J.  Pierson,  MD.  80-min. 
videotape. 
Hem  VC81 1|9.86  000.00  nonmembers) 


The  RespRxroRV  Thdmpist  and  Disease  State  Management 

Highlights  how  one  group  of  respiratory  therapists  successfully  established  an 
asthma  management  program.  Discusses  development  of  relationships  with 
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Learn  the  four  essential  components  of  the  NAEPP  Guidelines  that  are  essential 


to  asthma  disease  management  and  how  these  components  are  incorporate 
into  a  comprehensive  asthma  management  program  in  the  work  setting,  from  th 
hospital  to  home  care.  Featuring  Thomas  J.  Kallstrom,  RRT,  Gretchen  Lawrence 
BA,  RRT,  and  Sam  R  Giordano,  MBA,  RRT.  80-min.  videotape. 
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Abstracts 


pH  >  7.30,  P,co,  ^  50  mm  Hg,  and  P„o,  &  50 
mm  Hg.  The  subgroup  of  patients  who  became 
hypoxemic  (pulse  oximetric  saturation  <  88%) 
within  24  h  of  extubation  were  treated  with 
NPPV  for  up  to  48  h  duration.  Patients  who 
failed  NPPV  were  reintubated.  Four  hundred 
fifty-one  (84%)  patients  were  successfully  ex- 
tubated  to  room  air.  Seventy-two  patients  (13%) 
became  hypoxemic  within  24  h,  and  NPPV  was 
administered.  Fifty-two  patients  (72%  of  those 
who  were  hypoxemic)  responded  to  NPPV, 
while  20  patients  failed  to  respond  to  therapy, 
were  reintubated,  and  received  mechanical  ven- 
tilation for  a  mean  of  4  days.  Thirteen  addi- 
tional patients  (2%)  were  reintubated  for  rea- 
sons other  than  hypoxemia.  The  overall 
reintubation  rate  for  the  group  (n  =  536)  was 
6.2%;  for  the  postextubation  hypoxemic  group 
who  failed  NPPV,  the  reintubation  rate  was 
3.7%.  The  elimination  of  routine  .supplemental 
oxygen  via  nasal  cannula  following  extubation 
resulted  in  a  potential  direct  cost  avoidance  of 
$50,006.88  for  45 1  patient  days.  Moreover,  the 
52  patients  who  were  spared  reintubation  and 
mechanical  ventilation  provided  an  additional 
potential  cost  avoidance  of  $19,740.24  in  un- 
used ventilator  days  per  patient.  Conclusion: 
Eliminating  the  routine  use  of  supplemental  ox- 
ygen and  employing  NPPV  as  a  method  to  pre- 
vent reintubation  can  facilitate  a  more  aggres- 
sive, cost-effective  strategy  for  the  management 
of  the  trauma  ICU  patient  who  has  been  extu- 
bated. 

The  Effect  of  Varying  Inspiratory  to  Expi- 
ratory Ratio  on  Gas  Exchange  in  Partial  Liq- 
uid Ventilation— Lim  CM,  Koh  Y,  Shim  TS, 
Lee  SD,  Kim  WS,  Kim  DS,  Kim  WD.  Chest 
1999  Oct;  11 6(4):  1032- 1038. 

Background:  In  partial  liquid  ventilation  (PLV), 
the  nondependent  lung  was  observed  to  be  in- 
flated first  and  the  dependent  lung  later.  The 
infiational  time  difference  between  the  lung  re- 
gions can  lead  to  maldistribution  of  tidal  gas 
and  inefficient  gas  bubbling  in  the  slow-inflat- 
ing region  during  PLV.  In  this  situation,  in- 
creasing the  inspiratory  to  expiratory  (I:E)  ratio 
of  the  mechanical  ventilator  would  lessen  the 
heterogeneity  of  regional  ventilation  and  im- 
prove gas  exchange  possibly  to  a  greater  degree 
than  in  gas  ventilation  (GV).  Design  and  set- 
ting: Animal  study  at  the  Asan  Institute  for  Life 
Sciences,  Seoul,  Korea  Subjects:  Eighteen  rab- 
bits (2.6  ±  0.5  kg)  with  acute  lung  injury  by 
saline  solution  lavage.  Interventions:  Three  I:E 
ratios  were  tried  in  GV  and  then  in  PLV.  I:E 
ratios  were  changed  by  adjusting  pause  (1:2, 
1:1,  and  2:1;  group  I)  or  by  adjusting  inspira- 
tory flow  rate  (1:3,  1:1.  and  2: 1 ;  group  2).  Mea- 
surements and  results:  With  increasing  l:E  ratio 
in  all  animals,  P„(,,/F,o,  increa.sed  (80  ±  24, 
143  i  74,  and  I47"±  88  mm  Hg;  p  =  0,001), 
^"^  P11CO2  decreased  (74  ±  15,  66  ±  16.  and 
66  ±  15  mm  Hg:  p  =  0.006).  The  increases  of 


P.oj/Fio,  from  1:2/1:3  to  1:1  (p  =  0.006)  and 
from  1 : 1  to  2: 1  (p  =  0.036)  were  both  greater 
in  group  I  than  in  group  2.  P„co,  decreased 
with  increasing  I:E  ratio  in  group  1,  but  not  in 
group  2.  The  change  of  P„o,/F,o,  by  varying  the 
I:E  ratio  was  49  ±  65%  in  PLV'and  14  ±  14% 
in  GV  (p  =  0.(X)3).  Conclusions:  Extending  the 
I:E  ratio,  especially  by  adding  pause,  improved 
gas  exchange  in  PLV.  Oxygenation  in  PLV  was 
affected  by  the  I:E  ratio  to  a  greater  degree  than 
inGV. 

Guidelines  in  Pulmonary  Medicine:  A  25- 
Year  Profile — Hackner  D,  Tu  G,  Weingarten 
S,  Mohsenifar  Z.  Chest  1999  Oct;l  16(4):  1046- 
1062. 

Objective:  We  attempted  to  identify  clinical 
practice  guideline  and  pathway  articles  in  the 
area  of  pulmonary  medicine  published  in  peer- 
reviewed  journals  since  1974.  Design:  Review. 
Data  sources:  MEDLINE,  the  Cochrane  Data- 
base, Best  Evidence,  and  Abstracts  of  Clinical 
Care  Guidelines  from  January  1974  to  Decem- 
ber 1998.  Study  selection:  All  articles  contained 
relevant  search  terms  for  pulmonary  topics  and 
were  included  irrespective  of  setting  (primary 
or  specialty,  inpatient  or  outpatient).  Controlled 
and  uncontrolled  trials  as  well  as  observational 
studies  and  consensus  opinion/statements  were 
all  identified.  The  articles  were  stratified  by 
design  as  well  as  by  pulmonary  topic.  Data  ex- 
traction: Limited  data  on  study  type,  study  fo- 
cus, year  of  publication,  and  results  of  study 
were  abstracted.  Results:  Our  criteria  yielded 
271  articles,  including  1 1 5  consensus  statements 
and  expert  opinion  guidelines;  30  controlled 
studies,  meta-analyses,  or  systematic  reviews; 
and  126  uncontrolled  trials  and  ob.servational 
studies.  Of  these,  82  articles  (30.3%)  related  to 
asthma,  46  articles  (17.0%)  related  to  COPD, 
and  36  articles  (13.3%)  related  to  pneumonia. 
In  addition,  we  tracked  the  increasing  publica- 
tion of  all  guideline-related  pulmonary  articles; 
randomized,  controlled  trials  (RCTs);  system- 
atic reviews;  and  consensus  statements  by  year 
for  the  past  25  years.  Conclusion:  Pulmonary 
guidelines  are  increasingly  published  in  peer- 
reviewed  journals,  but  few  are  tested  clinically 
in  RCTs.  There  is  continued  reliance  on  con- 
sensus statements  and  expert  opinion.  Pulmo- 
nary guideline  publications  have  continued  to 
dramatically  increase  in  number  and  in  impor- 
tance since  1974,  both  on  the  local  level  and 
internationally. 

Pulmonary  Artery  Catheterization  and 
Esophageal  Doppler  Monitoring  in  the  ICU — 

Marik  PE.  Chest  1999  Oct;  1 16(4):  1085- 1 09 1. 

The  clinical  assessment  of  cardiac  performance 
and  ventricular  preload  is  notoriously  unreli- 
able in  critically  ill  patients.  Consequently,  a 
number  of  technologies  have  been  developed  to 
provide  the  clinician  with  indexes  of  cardiovas- 


cular function  to  assist  in  therapeutic  decision 
making.  Foremost  among  these  is  the  pulmo- 
nary artery  catheter  (PAC).  Indeed,  the  PAC 
has  largely  shaped  the  practice  of  modem  crit- 
ical care.  Yet.  the  information  provided  by  the 
PAC  is  largely  misunderstood,  and  its  efficacy 
is  never  proven.  Recently,  continuous  esopha- 
geal Doppler  monitoring  has  emerged  as  an  al- 
ternative to  pulmonary  artery  catheterization. 
This  paper  evaluates  the  clinical  utility  of  the 
PAC  and  esophageal  Doppler  monitoring  in  as- 
sessing the  hemodynamic  status  of  ICU  patients. 

Dyspnea  Differentiation  Index:  A  New 
Method  for  the  Rapid  Separation  of  Cardiac 
vs Pulmonary  Dyspnea — Ailani  RK.  Ravakhah 
K.  DiGiovine  B,  Jacobsen  G.  Tun  T.  Epstein  D, 
West  BC.  Chest  1999  Oct;l  16(4):l  100-1 104. 

Study  objective:  To  as.sess  the  utility  of  a  new 
parameter  in  the  differentiation  of  dyspnea  of 
cardiac  origin  from  dyspnea  of  pulmonary  ori- 
gin. Methods:  The  peak  expiratory  flow  (PEP) 
rate  and  the  partial  pressure  of  oxygen  in  arte- 
rial blood  (Pi,o,)  were  measured  in  71  patients 
with  the  chief  complaint  of  dyspnea.  The  pa- 
tients were  treated  in  the  hospital,  and  the  final 
diagnosis  (cardiac  or  pulmonary)  of  the  cause 
of  dyspnea  was  made  at  discharge.  We  defined 
a  new  measure,  the  dyspnea  differentiation  in- 
dex (DDl),  as  (PEF  X  R,o,)/1.000.  We  per- 
formed a  receiver  operating  characteristic 
(ROC)  curve  analysis  of  the  data  to  define  the 
measure  that  best  distinguished  cardiac  from 
pulmonary  dyspnea.  The  curves  also  allowed 
us  to  establish  an  optimal  cut-off  point  to  dis- 
tinguish between  cardiac  and  pulmonary  dys- 
pnea. Results:  Patients  with  pulmonary  dyspnea 
had  a  significantly  lower  mean  PEF  than  pa- 
tients with  cardiac  dyspnea  ( 144  ±  66  vs  267  ± 
97  L/min.  respectively:  p  <  0.001).  They  also 
had  a  lower  DDI  than  patients  with  cardiac  dys- 
pnea (8.4  ±  4.0  vs  18.4  ±  7.9  L-mm/min,  re- 
spectively; p  <  0.001).  These  two  measures, 
PEF  and  DDI,  al.so  best  distinguished  pulmo- 
nary from  cardiac  dyspnea.  PEF  was  able  to 
diagnose  the  correct  cause  of  dyspnea  in  72% 
of  patients,  and  DDI  was  correct  in  79%  of 
patients.  This  compares  favorably  to  the  perfor- 
mance of  the  emergency  department  physicians, 
who  were  able  to  predict  the  correct  diagnosis 
in  only  69%  of  patients.  Conclusion:  These  re- 
sults demonstrate  that  the  PEF  by  itself  is  use- 
ful in  differentiating  between  cardiac  and  pul- 
monary causes  of  dyspnea,  but  that  the 
calculation  of  DDI  is  superior  in  this  regard. 

Evaluation  of  Bronchodilator  Response  in  Pa- 
tients with  Airway  Obstruction — Quadrelli 
SA.  Roncoroni  AJ,  Montiel  GC.  Respir  Med 
1999  Sep;93(9):630-636. 

The  aim  of  this  study  was  to  define  the  most 
u.seful  index  of  expressing  bronchodilator  re- 
sponse and  to  distinguish  between  asthma  and 
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Abstracts 


COPD.  A  prospective  study  was  carried  out  of 
bronchixlilator  response  in  142  asthmatics  and 
58  COPD  patients  in  a  university  hospital.  Re- 
versibility was  expressed  as:  I .  absolute  change 
(A  abs);  2.  %  of  initial  (A  9cina):  3.  9,  of  pre- 
dicted (A  %pred)  and  4.  Vr  of  maxiinum  pos- 
sible response  (A  ^pinax).  Dependence  on  forced 
expirations  volinne  in  1  sec  (FEV,)  as  Vr  of 
predicted  and  sensitivity  and  specificity  for  di- 
agnosis of  asthma  were  established.  A  relation- 
ship between  A  abs  and  initial  FEV,  was  not 
found  in  asthma  (A  abs  vs.  %  initial  FEV,,  r  = 
0.07)  or  COPD  (r  =  0.02).  A  %pred  did  not 
show  a  correlation  in  asthma  (r  =  0. 1 0)  or  COPD 
(r  =  0.06).  A  %init  was  dependent  on  the  base- 
line value  in  asthma  (r  =  0.38,  p  <  O.(X)l)  but 
not  in  COPD  (r  =  0.18.  p  =  n.s.).  A  max  was 
dependent  in  both.  The  combination  of  best  sen- 
sitivity and  specificity  to  separate  asthma  and 
COPD  was  obtained  with  A  abs  (70.4  or  70.6%). 
The  worst  specificity  for  asthma  diagnosis  was 
obtained  with  A  Vrinit  (509^).  The  best  likeli- 
hood ratios  were  obtained  with  A  abs  and  A 
%pred  and  the  worst  likelihood  ratio  with  A 
%init.  A  Vc'tml  is  not  recommended  as  an  index 
for  differential  diagnosis  between  asthma  and 
COPD:  2)  A  Vcin'a  overscores  bronchodilator 
re,sponse  in  patients  with  low  FEV,.  The  inde- 
pendence of  each  bronchodilator  response  in- 
dex should  be  verified  in  clinical  trials  for  each 
selected  sample. 


Volume  Calibration  Alone  May  Be  Mislead- 
ing— van  den  Boom  G.  van  der  Star  LM.  Fol- 
gering  H,  van  Schayck  CP,  van  Weel  C.  Respir 
Med  1999  Sep;93(9):643-647. 

The  use  of  spirometry  is  becoming  more  and 
more  widespread  in  non-laboratory  situations 
such  as  general  practice  or  occupational  medi- 
cine. In  these  non-laboratory  situations,  volume 
calibration  with  a  3(XK)  niL  syringe  is  often  the 
only  feasible  method  to  ensure  that  the  spirom- 
eter produces  valid  and  reproducible  data.  So- 
phisticated equipment  to  calibrate  forced  ma- 
noeuvres with  standard  waveforms  are  not 
present.  In  this  study,  we  assessed  whether  volu- 
metric calibration  is  a  guarantee  for  valid  and 
comparable  spirometric  results.  Two  portable 
spirometers  were  tested.  On  8  consecutive  test 
days,  both  spirometers  were  calibrated  with  a 
3(X)0  niL  syringe  in  accordance  with  the  Amer- 
ican Thoracic  S(Kiety  (ATS)  guidelines.  The 
comparability  of  the  spirometric  results  (forced 
expiratory  volume  in  1  S,  FEV,)  was  tested  in 
two  ways.  Firstly,  the  spirometers  were  com- 
pared to  each  other  using  the  results  from  43 
volunteers  on  the  same  8  test  days.  The  spirom- 
eters were  presented  in  a  randomized  order  and 
volunteers  were  asked  to  perform  a  series  of 
reproducible  manoeuvres  in  both  spirometers. 
Paired  observations  were  analysed,  using  Bland 
and  Altman  plots.  Secondly,  the  spirometers 


were  compared  to  a  "gold  standard',  a  comput- 
er-driven syringe  (CDS).  Calibration  with  the 
3000  mL  syringe  showed  that  both  spirometers 
complied  with  the  ATS  criteria  for  voluine  cal- 
ibration for  diagnostic  spirometry.  However, 
paired  FEV,  data  obtained  in  subjects  showed  a 
systematic,  voluine-dependcnt  difference  be- 
tween the  two  spirometers  (mean  difference: 
289  mL,  p  <  0.001 ,  systematic  difference:  8.6%, 
p  <  0.0001).  This  sy.stematic  difference  was 
confirmed  by  the  comparisons  with  the  CDS. 
Volume  calibration  inay  be  misleading.  The  re- 
sults from  volume  calibration  may  meet  the  ATS 
criteria,  but  this  is  no  guarantee  that  data  from 
forced  manoeuvres  are  accurate.  If  CDS  equip- 
ment to  simulate  standard  wave  forms  is  not 
available,  it  is  recommended  that  biological  cal- 
ibration is  performed  regularly  and,  if  possible, 
that  paired  data  from  two  (or  more)  different 
spirometers  arc  compared. 


Patterns  of  Medical  Practice  in  Cystic  Fibro- 
sis: Part  I.  Evaluation  and  Monitoring  of 
Health  Status  of  Patients— Konstan  MW,  But- 
ler SM.  Schidlow  DV.  Morgan  WJ.  Julius  JR. 
Pediatr  Pulmonol  1999  Oct;28(4):242-247. 

This  report  characterizes  patterns  of  evaluation 
and  monitoring  of  the  health  status  of  patients 
with  cystic  fibrosis  (CF)  as  observed  in  the  Ep- 
idemiologic Study  of  Cystic  Fibrosis  (ESCF), 
and  compares  these  practices  to  published  guide- 
lines. All  patients  (18.411)  who  enrolled  in 
ESCF  at  194  study  sites  in  the  United  States 
and  Canada  from  December  I.  1993  to  Decem- 
ber 31,  1995  were  considered  for  study.  Pa- 
tients enrolled  before  January  1,  1995  with  al 
healthcare  encounters  during  1995  (12,631) 
were  included  in  the  analysis.  Patients  enrolled 
after  January  I,  1995(5,266),  or  whodied(3.54), 
withdrew  from  the  study  (128).  or  were  lost  to 
follow-up  (2 1 )  were  excluded.  Frequency  of  en- 
counters (outpatient  and  hospital),  spirometry, 
respiratory  tract  cultures,  and  chest  radiographs 
were  recorded  during  a  1-year  period  (1995) 
and  analyzed  by  gender,  age,  severity  of  lung 
disease,  and  presence  of  any  Pseudomonas  spe- 
cies in  the  respiratory  tract.  The  12,631  patients 
had  53,024  outpatient  visits.  In  57.5%  of  pa- 
tients, the  recommended  criteria  of  a4  total 
visits  per  year  were  met.  Only  27.4%  of  all 
patients  had  >4  routine  visits:  3.1%  had  only 
sick  visits,  and  59.0%  had  no  sick  visits.  One 
third  (34.6%)  were  hospitalized  at  least  once, 
for  a  total  of  8,561  hospitalizations.  Older  pa- 
tients with  lower  pulmonary  function  and 
Pseudomonas  in  their  respiratory  tract  had  fewer 
routine  visits  and  more  sick  visits,  and  were 
hospitalized  more  than  were  younger  patients. 
In  three  fourths  (75.8%)  of  patients  the  recom- 
mended criterion  of  two  spirometry  assessments 
per  year  was  met,  whereas  in  79.3%  the  crite- 
rion of  one  culture  was  inet,  and  in  68.3%  the 


criterion  of  one  radiograph/year  was  met.  We 
conclude  that  in  the  majority  of  CF  patients,  the 
recommended  criteria  for  routine  evaluation  and 
monitoring  were  met.  However,  in  a  rather  sub- 
stantial number  they  were  not.  An  increase  in 
the  utilization  of  healthcare  resources  was  ob- 
served in  patients  with  more  .severe  disease. 
This  information  will  help  to  establish  bench- 
marks for  future  quality  assessment  programs. 

Why  Don't  Physicians  Follow  Clinical  Prac- 
tice Guidelines?  A  Framework  for  Improve- 
ment—Cabana  MD.  Rand  CS.  Powe  NR,  Wu 
AW,  Wilson  MH,  Abboud  PA,  Rubin  HR. 
JAMA  1999  Oct  20:282(  I5):I458-I465. 

CONTEXT:  Despite  wide  promulgation,  clini- 
cal practice  guidelines  have  had  limited  effect 
on  changing  physician  behavior.  Little  is  known 
about  the  process  and  factors  involved  in  chang- 
ing physician  practices  in  response  to  guide- 
lines. OBJECTIVE:  To  review  barriers  to  phy- 
sician adherence  to  clinical  practice  guidelines. 
DATA  SOURCES:  We  searched  the  MED- 
LINE, Educational  Resources  Information  Cen- 
ter (ERIC),  and  HealthSTAR  databases  (Janu- 
ary 1966  to  January  1998);  bibliographies; 
textbooks  on  health  behavior  or  public  health; 
and  references  supplied  by  experts  to  find  En- 
glish-language article  titles  that  describe  barri- 
ers to  guideline  adherence.  STUDY  SELEC- 
TION: Of  5658  articles  initially  identified,  we 
selected  76  published  studies  describing  at  least 
I  barrier  to  adherence  to  clinical  practice  guide- 
lines, practice  parameters,  clinical  policies,  or 
national  consensus  statements.  One  investiga- 
tor screened  titles  to  identify  candidate  articles, 
then  2  investigators  independently  reviewed  the 
texts  to  exclude  articles  that  did  not  match  the 
criteria.  Differences  were  resolved  by  consen- 
sus with  a  third  investigator.  DATA  EXTRAC- 
TION: Two  investigators  organized  barriers  to 
adherence  into  a  framework  according  to  their 
effect  on  physician  knowledge,  attitudes,  or  be- 
havior. This  organization  was  validated  by  3 
additional  investigators.  DATA  SYNTHESIS: 
The  76  articles  included  120  different  surveys 
investigating  293  potential  barriers  to  physician 
guideline  adherence,  including  awareness  (n  = 
46).  familiarity  (n  =  31).  agreement  (n  =  33), 
.self-efficacy  (n  =  l9).outcomecxpectancy(n  = 
8).  ability  to  overcome  the  inertia  of  previous 
practice  (n  =  14).  and  absence  of  external  bar- 
riers to  perform  recommendations  (n  =  34). 
The  majority  of  surveys  (70  [58%]  of  120)  ex- 
amined only  I  type  of  barrier.  CONCLUSIONS: 
Studies  on  improving  physician  guideline  ad- 
herence may  not  be  generalizable.  since  barri- 
ers in  one  setting  may  not  be  present  in  another. 
Our  review  offers  a  differential  diagnosis  for 
why  physicians  do  not  follow  practice  guide- 
lines, as  well  as  a  rational  approach  toward  im- 
proving guideline  adherence  and  a  framework 
for  future  research. 
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Introduction 

More  than  one  million  patients  around  the  world  receive 
long-term  oxygen  therapy  (LTOT).  The  majority  of  these 
patients  have  chronic  obstructive  pulmonary  disease 
(COPD).  The  literature  concerning  indications  for  and  re- 
sults of  LTOT  in  COPD  patients  is  rather  extensive.  Much 
less  has  been  written  about  the  use  of  LTOT  in  patients 
with  other  respiratory  diseases.  In  fact,  no  large  controlled 
investigations  have  been  published  concerning  the  effects 
of  LTOT  in  non-COPD  patients,  like  the  British  Medical 
Research  Council  (MRC)  study'  and  the  Nocturnal  Oxy- 
gen Therapy  Trial  (NOTT)^  study  did  for  COPD. 

Table  1  shows  the  percentages  of  non-COPD  patients 
receiving  LTOT  in  several  countries.  These  range  from 
61%  in  Japan^  to  6.6%  in  the  Czech  Republic*  In  the 
United  States,  Medicare  beneficiaries  represent  80%  of  all 
LTOT  use,  of  which  76%  was  prescribed  for  COPD.  The 
most  frequent  non-COPD  indication  was  heart  failure.^ 

The  two  most  frequent  non-COPD  diseases  treated  with 
LTOT  are  .sequelae  of  tuberculosis  (TB)  and  interstitial 
pulmonary  fibrosis  (IPF).  Next  to  those  are  pneumoconi- 
osis, kyphoscoliosis,  and  bronchiectasis.  Table  2  shows 
those  diseases'  proportional  contributions  in  several  coun- 
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tries.  Table  3  lists  non-COPD  lung  diseases  in  which  LTOT 
is  prescribed. 

Children  constitute  a  specific  group  of  patients  who 
receive  LTOT  exclusively  for  diseases  other  than  COPD. 
In  a  group  of  287  children  treated  for  chronic  respiratory 
failure  with  LTOT,  mechanical  ventilation,  or  both,  more 
than  half  presented  with  restrictive  lung  disease.  The  ma- 
jority of  them  suffered  from  neuromuscular  disease.  The 
rest  were  treated  for  obstructive  pulmonary  disease;  bron- 
chopulmonary dysplasia  or  cystic  fibrosis  (CF).'" 

Sequelae  of  Tuberculosis 

In  many  countries  patients  with  lungs  destroyed  by  TB 
form  the  second  largest  LTOT  group  after  COPD.''''''-^ 
This  group  of  patients  encompasses  a  variety  of  different 
forms,  such  as  fibrocavitary  lesions  affecting  large  parts  of 
the  lungs,  patients  post  thoracoplasty  and  lung  resection, 
and  patients  with  fibrothorax  after  artificial  pneumothora- 
ces  or  pleural  effusions.  Quite  a  number  of  those  patients 
also  suffer  from  smoking-related  COPD.'  ■*•'■'*  High  venous 
admixture  is  typical  for  such  a  group. 

Life  expectancy  with  LTOT  was  invariably  found  to  be 
better  in  patients  with  sequelae  of  TB  than  in  patients  with 
COPD. '■•*■'•'*  The  main  reason  for  this  finding  is  stability 
and  lack  of  progression  of  the  underlying  disease.  Younger 
age,  female  sex,  good  nutritional  status,  and  higher  arterial 
carbon  dioxide  tension  (Paco,)  ^^""^  found  to  be  positive 
prognostic  factors.'^  Also,  Aida  et  al"  followed  a  group  of 
more  than  3,000  patients  with  TB  sequelae  and  found  that 
hypercapnia  (Paco,  —  45  mm  Hg)  favorably  influenced 
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Table  I.      Relation  (in  Percent)  of  COPD  to  Other  Diagnoses  Treated  with  LTOT  in  Several  Countries 


Japan' 

France^ 

United 
States' 

Czech 
Republic*' 

Poland" 

Sweden* 

Netherlands" 

Total  Number  of  patients               3 1 .62 1 
•Jc  COPD                                               39 
%  Other                                                61 

26,140 
58.7 
41.3 

8.418 
76 
24 

1.296 
93.4 
6.6 

1,000 
67.6 

32.4 

698 
59.9 
40.1 

528 
70 
30 

COPD  =  chninic  obstniclive  pulmonary  disease. 
LTOT  -  long-term  oxygen  therapy. 

Table  2.      Most  Frequent  Diseases  Treated  with  LTOT 


Diagnosis 

Japan'     France^ 

Poland' 

Sweden" 

Netherlands' 

TB  sequelae 

24.8 

15.9 

8.8 

4.7 

— 

IPF 

9.3 

9.6 

8.6 

8.3 

2 

Pneumoconiosis 

3.3 

3.5 

0.4 

— 

6 

Kyphoscoliosis 

— 

6 

2.9 

1.1 

3 

Bronchiectasis 

3.7 

ygen  therapy. 

6 

2.9 



LTOT  =  long-term  ox 

TB  =  tuberculosis. 

IPF  =  inter^.litial  pulmonary  fibrosis 

Table  3.      Pulmonary  Diseases  Other  Than  COPD  in  Which  LTOT  Is 
Prescribed 

Interstitial  pulmonary  fibrosis 

Tuberculosis  sequelae 

Pneumoconiosis 

Kyphoscoliosis 

Neuromuscular  diseases 

Bronchiectasis 

Pulmonary  granulomatoses 

Cystic  fibrosis 

Obstructive  sleep  apnea  syndrome  with  concomitant  COPD  (overlap 

syndrome) 
Severe  pulmonary  hypertension: 

primary 

thromboembolic 


COPD  =  chronic  obstructive  pulmonary  disease. 
LTOT  =  long-term  oxygen  therapy  - 


survival.  Taking  risk  of  death  as  1  in  normocapnic  pa- 
tients, the  relative  risk  of  mortality  was  0.76  in  patients 
with  Paco,  between  45  and  55  mm  Hg.  0.64  in  patients 
with  Paco,  between  55  and  65  mm  Hg,  and  0.49  in 
patients  with  Paco,  -^  65  mm  Hg.  Those  findings  ap- 
plied only  to  patients  with  no  significant  concomitant 
COPD.  Interestingly,  patients  with  hypercapnia  were 
significantly  older  and  more  hypoxemic  than  normocap- 
nic patients.  Also,  Strom  et  al'-  found  an  independent 
positive  effect  of  hypercapnia  on  survival  in  patients 
with  old  sequelae  of  TB. 


In  the  coming  decade  there  will  be  a  decrease  in  the 
number  of  patients  with  sequelae  of  TB  referred  for  LTOT. 
thanks  to  the  availability,  for  many  years,  of  effective 
anti-TB  treatment.  In  Sweden,  a  retrospective  analysis  of 
patients  receiving  LTOT  before  1988  indicated  that  18% 
of  the  total  number  were  TB  sequelae  patients.**  In  con- 
trast, among  patients  starting  LTOT  between  1989  and 
1992  only  4.7%  had  the  TB  sequelae  diagnosis." 

Interstitial  Pulmonary  Fibrosis 

Hypoxemia  in  COPD  patients  is  caused  by  ventilation- 
perfusion  inequality,  venous  admixture,  and  diffusion  im- 
pairment. In  the  early  stage  of  the  disea.se,  hypoxemia  at 
rest  is  rather  mild,  with  abrupt  aggravation  on  exercise. 
Fibrosis  of  the  interstitium  leads  to  progressive  closure  of 
the  pulmonary  vascular  bed  and  to  pulmonary  hyperten- 
sion. It  seems  that  alveolar  hypoxia  plays  a  minimal  role  in 
the  development  of  pulmonary  hypertension  in  IPF  pa- 
tients. There  are  no  longitudinal  data  on  effects  of  LTOT 
on  pulmonary  hypertension  in  IPF  patients. 

In  1988,  the  Clinica  del  Lavoro  Foundation  of  Italy 
promoted  an  international,  multicenter,  controlled  study 
on  the  effects  of  LTOT  on  pulmonary  hemodynamics  and 
survival  in  IPF  patients.'-*  I  participated  in  that  study,  which 
was  completed  after  5  years,  but  the  results  have  not  yet 
been  published.  The  initial  data  and  survival  curves  for 
treated  and  control  patients  were  kindly  given  to  me  by  Dr 
Alberto  Braghiroli,  the  principal  investigator. 

Patients  of  both  sexes,  under  79  years  of  age,  affected 
by  IPF  not  previously  treated  with  oxygen  were  selected 
according  to  the  following  criteria: 

1 .  Total  lung  capacity  <  80%  of  the  predicted  plethys- 
mographic  value. 

2.  Arterial  partial  pressure  of  oxygen  (Pao,)  between  45 
and  60  mm  Hg  on  4  consecutive  weekly  determinations. 

The  group  collected  62  patients.  49  with  idiopathic  pul- 
monary fibrosis  and  13  with  other  forms  of  fibrosis.  The 
mean  age  was  62  ±  7  years.  The  male  to  female  ratio  was 
5:4.  Thirty-seven  patients  were  allocated  to  an  oxygen- 
treated  group  and  25  served  as  controls.  The  initial  pul- 
monary function  tests  obtained  the  following  values.  Mean 
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vital  capacity  was  51  ±  13%  of  predicted.  The  ratio  of  the 
forced  expiratory  volume  in  the  first  second  to  the  vital 
capacity  was  103  ±  12%  of  predicted.  Total  lung  capacity 
was  65  ±  18%  of  predicted.  The  diffusing  capacity  of 
carbon  monoxide  was  43  ±  10%  of  predicted.  Mean  Pj,q^ 
was  54  ±  10  mm  Hg  and  mean  Paco,  was  36  ±  5  mm  Hg. 

Pulmonary  artery  catheterization  was  performed  using  a 
Swan-Ganz  thermodilution  catheter.  After  initial  measure- 
ments were  taken,  patients  received  oxygen  at  a  flow  of 
>  2  L/min  to  increase  P^q,  to  >  65  mm  Hg.  Second 
measurements  were  taken  after  one  hour  of  oxygen.  The 
results  are  shown  in  Table  4. 

Patients  presented  with  moderate  pulmonary  hyperten- 
sion, and  mean  pulmonary  arterial  pressure  was  33  ±  1 1 
mm  Hg.  Administration  of  oxygen  increased  P^q,  f™"! 
54  ±  10  mm  Hg  to  79  ±  23  mm  Hg.  No  pulmonary  artery 
vasodilation  was  observed,  and  pulmonary  arterial  pres- 
sure and  pulmonary  vascular  resistance  were  unchanged. 

Patients  were  followed  for  3  years.  The  survival  rate 
was  very  low:  only  20%  survived  3  years.  There  was  no 
difference  in  the  survival  rate  between  controls  and  pa- 
tients treated  with  oxygen. 

A  very  poor  prognosis  in  IPF  patients  despite  LTOT 
was  also  found  by  other  groups.  Crockett  et  al'-''  made  a 
retrospective  analysis  of  a  group  of  IPF  patients  receiving 
LTOT.  Fifty  percent  survived  1  year.  Only  10%  survived 
3  years.  Strom  et  al"  reported  a  20%  survival  rate  at  3 
years  in  IPF  patients  receiving  LTOT.  The  ANTADIR 
group'*  followed  more  than  1 ,300  IPF  patients  and  found  a 
median  survival  time  of  15  months. 

In  Poland  we  investigated  81  IPF  patients,  61  females 
and  21  males  with  a  mean  age  of  48  ±  13  years.  They 
presented  with  severe  ventilatory  restriction,  mean  vital 
capacity  of  1.59  ±  0.67  L  (45%  of  predicted),  and  forced 
expiratory  volume  in  the  first  second  of  1.17  ±  0.54  L. 
Mean  P^q  while  breathing  air  was  51  ±  8  mm  Hg,  and 
rose  to  65  ±  10  mm  Hg  while  breathing  oxygen.  The 
group  started  LTOT  and  was  followed  for  3  years.  The 
survival  rate  at  3  years  was  24%.  Death  rate  was  similar  in 


Table  4.      Pulmonary  Haemodynamics  in  IPF  Patients  Breathing 
Room  Air  and  Breathing  Supplemental  Oxygen 


Variable 

Room  Air 

Oxygen 

PAP  (mm  Hg) 

33±  11 

33  ±9 

CO  (L/min) 

4.47  ±  1.22 

3.62  ±  0.67 

PVR  (mm  Hg/L/min) 

3.55  ±  2.2 

3.83  ±  1.9 

P.„j  (mm  Hg) 

54  ±  10 

79  ±  23* 

IPF  =  interstitial  pulmonary  fibrosis. 

PAP  =  pulmonary  artery  pressure  (mean). 

CO  =  cardiac  output. 

PVR  =  pulmonary  vascular  resistance. 

P^  -  arterial  oxygen  tension. 

•p  <0.0I. 

both  sexes  up  to  1.5  years.  After  that  time,  survival  in 
women  was  better  than  in  men.  Only  female  sex  and  better 
spirometric  values  correlated  with  better  prognosis.  Nei- 
ther age  nor  P^q  while  breathing  air  or  breathing  oxygen 
had  a  significant  effect  on  survival. 

Strom  and  Boman"'  also  found  that  in  IPF  patients 
spirometric  values  (and  not  blood  gases)  correlated  with 
survival. 

Kyphoscoliosis 

Kyphoscoliosis  and  other  thoracic  spine  deformities  may 
lead  to  important  blood  gas  exchange  abnormalities.  Al- 
veolar hypoventilation  and  ventilation-perfusion  mismatch- 
ing may  result  in  hypoxemia,  hypercapnia,  and  develop- 
ment of  pulmonary  hypertension.  Increased  elastic 
resistance  to  breathing  leads  to  rapid  shallow  breathing 
and  an  increased  ratio  of  dead  space  to  tidal  volume.  Al- 
though noninvasive  positive-pressure  ventilation  with  sup- 
plemental oxygen  seems  to  be  the  treatment  of  choice  in 
patients  with  kyphoscoliosis,  many  patients  receive  LTOT 
alone. 

In  the  largest  series  published  so  far,  concerning  912 
patients  with  kyphoscoliosis  treated  by  ANTADIR  in 
France,*  more  than  40%  survived  9  years.  Strom  et  al''' 
followed  80  kyphoscoliotics.  Female  sex,  younger  age, 
higher  body  weight,  and  higher  P^q^  and  Paco,  were  inde- 
pendent favorable  prognostic  factors.  More  than  70%  of 
patients  survived  3  years.  These  Swedish  authors  also  found 
that  hypercapnia  was  not  an  ominous  prognostic  factor  in 
kyphoscoliotics,  as  it  was  found  to  be  for  COPD  patients.' 

In  assessing  the  results  of  LTOT  in  kyphoscoliosis  pa- 
tients, one  has  to  consider  that  many  patients  have  also 
been  treated  with  noninvasive  or  invasive  positive-pres- 
sure ventilation. '♦•'^ 

Tobiasz  et  al'*  also  found  good  prognosis  for  kypho- 
scoliosis patients.  Seventy  percent  of  patients  survived  3 
years.  Good  prognosis  in  kyphoscoliosis  may  result  from 
the  fact  that  thoracic  spine  deformity  is  a  very  slowly 
progressive  disease.  Also,  kyphoscoliotics  are  younger  than 
patients  with  other  diagnoses  at  the  start  of  LTOT. 

Cystic  Fibrosis 

CF  is  apparently  the  only  non-COPD  disease  in  which 
oxygen  u.se  has  been  studied  in  a  controlled  manner.  Zin- 
man  et  al"  did  not  find  benefits  from  nocturnal  oxygen 
supplementation  in  children  or  young  adults  with  CF.  The 
oxygen  treatment  did  not  affect  mortality  rate,  hospitaliza- 
tions, or  progression  of  the  disease  over  a  3-year  period. 
However,  school  and  work  attendance  were  better  in  the 
oxygen-treated  patients  than  in  the  controls. 

Zinman's  study'''  had  a  relatively  small  number  of  pa- 
tients (28  in  both  arms)  and  the  design  of  the  study  may 
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have  affected  the  observed  outcome.  Although  nocturnal 
oxygen  supplementation  improves  sleep  quality  in  CF  pa- 
tients, perhaps  it  would  be  more  beneficial  to  treat  such 
patients  with  ambulatory  oxygen  during  the  day.  Because 
of  their  young  age,  CF  patients  are  physically  very  active. 
Relief  of  hypoxic  pulmonary  hypertension  and  tissue  hyp- 
oxia during  exercise  might  result  in  better  survival  in  ox- 
ygen-treated patients. 

Nixon  et  al-"  confirmed  beneficial  effects  of  oxygen 
during  exercise  in  CF  patients.  Thirty-six  CF  patients  were 
subjected  to  two  exercise  tests,  one  in  normoxia,  the  other 
while  breathing  30%  oxygen.  Oxygen  supplementation  de- 
creased ventilatory  and  cardiovascular  work  at  a  given 
work  load.  In  a  study  by  Marcus  et  al,-'  oxygen  supple- 
mentation increased  exercise  capacity  and  reduced  desatu- 
ration  of  arterial  blood  at  peak  exercise. 

Summary 

Prescriptions  of  LTOT  in  non-COPD  diseases  vary  from 
20%  to  60%  of  the  total  number  of  patients  profiting  from 
this  form  of  treatment.  It  seems  that  in  countries  where  the 
percentage  of  non-COPD  indications  is  still  high,  the  pro- 
portions will  change  toward  higher  use  of  LTOT  in  COPD 
patients  in  the  near  future. 

There  is  a  dearth  of  controlled  studies  evaluating  the 
effects  of  LTOT  in  non-COPD  diseases.  There  are  at  least 
two  important  factors  preventing  realization  of  such  stud- 
ies. First,  non-COPD  indications  for  LTOT  encompass  a 
large  number  of  diseases.  Each  of  them  should  be  sepa- 
rately studied  because  of  differences  in  the  pathophysio- 
logical mechanisms  and  natural  history  of  the  diseases. 
Small  numbers  of  patients  with  a  specific  diagnosis  would 
require  multicenter,  international  studies,  which  are  diffi- 
cult to  perform  in  a  rigorous  manner. 

A  more  important  handicap  is  ethical  reasons.  Many 
years  ago  LTOT  was  approved  as  a  routine  method  of 
treatment  for  severe  stable  hypoxemia.  It  would  be  diffi- 
cult to  obtain  the  approval  of  any  ethics  committee  for  a 
project  proposing  a  control  group  of  hypoxemic  patients  to 
be  deprived  of  oxygen  for  a  long  period  of  time.  It  would 
also  be  difficult  to  find  clinicians  eager  to  participate  in 
such  a  study. 

Do  we  need  such  studies  at  all,  even  in  an  era  of  evi- 
dence-ba.sed  medicine?  Probably  not  for  diseases  present- 
ing with  airway  obstruction  such  as  CF  or  bronchopulmo- 
nary dysplasia.  The  effects  of  LTOT  in  COPD  may  also  be 
applied  to  those  diseases.  But  there  remains  a  group  of 
diseases  with  restrictive  patterns  of  ventilatory  impairment. 
A  typical  feature  of  these  diseases  is  a  severe  decrease 
in  arterial  oxygen  tension  and  saturation  during  exercise. 
Oxygen  supplementation  during  exercise  has  already  been 
found  to  relieve  hypoxemia  and  to  increase  exercise 
capacity. 


Life  is  motion.  Perhaps  we  should  not  bother  too  much 
about  prolongation  of  the  life  of  our  patients,  which  would 
be  difficult  to  prove  anyway.  We  should  rather  concentrate 
on  assuring  them  as  much  mobility  and  enjoyment  of  life 
as  possible.  In  other  words  we  should  work  on  adding  life 
to  years  rather  than  adding  years  to  life.  For  this,  ambu- 
latory oxygen  is  the  best  option. 
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Discussion 

O'Donoiiue:  In  the  United  States 
one  of  the  most  common  reasons  for 
prescribing  oxygen,  other  than  in 
COPD,  is  for  patients  with  pulmonary 
fibrosis  or  with  terminal  carcinoma 
who  become  hypoxemic.  Both  of  these 
are  short-term.  Their  hfe  expectancies 
are  short,  and  we  don't  really  expect 
to  see  extensions  of  life  with  the  u.se 
of  oxygen.  But  the  important  thing  is 
the  quality  of  life,  and  in  none  of  your 
studies  did  I  see  that  addressed.  You 
just  spoke  to  it,  but  did  any  of  tho.se 
studies  look  at  quality  of  life  and  re- 
lief of  dyspnea  in  patients  with  far 
advanced  disease? 

Zielinski:  I  have  no  data  about  the 
quality  of  life  of  non-COPD  patients. 
Maybe  Dr  Wedzicha  has. 

Wedzicha:  I  don't  have  any  data  on 
quality  of  life  in  IPF  either.  I  must 
say,  though,  I  don't  think  we  can  ever 
do  randomized  trials  with  IPF  patients. 
They  get  significant  symptomatic  ben- 
efit from  oxygen  therapy  because  they 
get  a  lot  of  arterial  oxygen  desatura- 
tion  on  exercise.  I  find  they  very 
quickly  go  on  to  24-hour  oxygen  ther- 
apy. There  are  also  some  other  impor- 
tant conditions,  like  CF.  Several  ran- 
domized control  trials  were  done  some 
years  ago.  The  other  group  that  was 
mentioned  was  terminal  cancer,  where, 
again,  we  are  basically  treating  dys- 
pnea. There  was  an  interesting  paper 
in  The  Lancet  not  long  ago  showing 
that  these  people  do  get  improvement 
in  symptom  score,'  so  I  really  don't 
think  we  should  be  looking  for  ran- 


domized trials  in  the.se  conditions.  I 
think  we  really  are  looking  more  for 
symptomatic  improvement. 
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Maclntyre:  You're  looking  for 
symptomatic  improvement,  but  don't 
you  need  a  controlled,  randomized 
trial?  In  fact,  it  seems  to  me  that  in 
this  population,  where  mortality  is  not 
affected,  it  might  be  a  better  place  to 
do  the  randomized  trial.  The  ethical 
issues  that  you  described  in  COPD 
don't  exist. 

Wedzicha:  Yes,  but  I  don't  think  1 
could  deny  oxygen  to  a  patient  with 
severe  end-stage  pulmonary  fibrosis 
who  gets  symptomatic  improvement 
from  oxygen.  If  I  don't  give  it,  their 
primary  care  physician  will  give  it. 
These  are  people  where  I  just  don't 
think  we  can  do  trials. 

O'Donohue:  Not  too  long  ago,  in 
Canada,  the  Minister  of  Health  was 
having  a  problem  because  physicians 
were  ordering  oxygen  for  palliation 
when  the  patients  did  not  have  hypox- 
emia as  a  cause  of  dyspnea.  Not  all 
dyspnea  is  due  to  hypoxemia  or  cor- 
rected by  oxygen.  So  I  agree  with  Neil. 
You  still  need  to  look  at  the  "symp- 
tomatic" use  of  oxygen  and  study  it. 

Maclntyre:  You  don't  have  data  that 
says  they  are  better.  This  is  a  subjective 
response  on  the  part  of  the  patient. 


Wedzicha:  I  certainly  do  not  sup- 
port giving  oxygen  to  patients  who 
are  not  chronically  hypoxemic.  I'm 
talking  about  patients  with  IPF  who 
are  chronically  hypoxemic.  The  same 
goes  for  cancer  patients  who  are  chron- 
ically hypoxemic.  I  think  I've  been 
slightly  misunderstood.  But  I  just  don't 
feel  I  can  do  a  randomized,  controlled 
trial  on  somebody  who  has  pulmonary 
fibrosis  and  who  has  got  chronic  hy- 
poxemia. 

Maclntyre:  Do  we  even  have  pre/ 
post  data  though?  Do  we  have  any 
data  other  than  the  fact  that  their  Pq 
gets  better  and  there's  this  subjective 
impression  that  they  look  like  they're 
better? 

Wedzicha:  The  reason  we  don't 
have  pre/post  data  is  that  patients  de- 
teriorate so  quickly.  They  all  die  by  2 
years.  We  are  very  short  of  data  in 
these  patients.  There  are  some  data 
around  in  the  literature  about  dyspnea. 

Pierson:  I  don't  think  you'd  have  to 
study  these  people  for  the  remainder 
of  their  lives.  One  month  on,  one 
month  off,  in  a  randomized  fashion 
might  suffice  to  answer  the  kinds  of 
questions  that  Walter  and  Neil  are  talk- 
ing about. 

Zielinski:  Regarding  the  Zinman 
study,  there  are  some  objections  to  the 
study  protocol.  First,  the  studied  group 
was  very  small  (28  patients  in  both 
arms,  treated  and  nontreated).  Second, 
the  patients  were  treated  with  oxygen 
during  sleep.  I  think  CF  patients  do 
not  desaturate  much  during  sleep.  They 
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would  need  oxygen  during  the  day 
when  they  exercise.  Perhaps  giving 
them  oxygen  during  the  daytime  would 
be  more  beneficial.  Although  survival 
wasn't  affected,  patients  treated  with 
oxygen  had  more  days  at  school  and 
more  days  at  work  than  those  in  the 
control  group. 

Criner:  I  have  another  view  on  the 
need  for  investigation  of  this  topic.  I 
think  that  subjecting  it  to  investiga- 
tion may  change  our  prescription  hab- 


its in  the  IFF  patient  group,  compared 
to  other  patient  groups,  for  a  couple  of 
reasons.  First  of  all.  what  Dave  (Pier- 
son)  presented  earlier  from  a  patho- 
physiologic standpoint,  in  these 
patients  with  a  higher  shunt  fraction, 
their  doses  of  supplemental  oxygen 
may  be  much  higher  than  what 
we  usually  prescribe  in  other  patient 
groups.  As  a  transplant  referral 
center,  we  find  that  patients  pre- 
scribed supplemental  oxygen  treat- 
ment for  IPF  are  not  appropriately 


dosed,  or  they're  way  undertreated 
with  the  doses  prescribed.  The  timely 
correct  oxygen  prescription  may  also 
be  more  important  in  this  patient 
group,  because  this  group  doesn't 
have  time  to  enable  adaptive  mech- 
anisms that  would  counterbalance 
hypoxemia  and  circumvent  the  de- 
velopment of  a  hypoxic  state.  I  be- 
lieve that  in  IPF  patients  these  factors 
necessitate  the  prompt  prescription 
of  the  correct  dose  of  supplemental 
oxygen. 


Respiratory  Care  •  February  2000  Vol  45  No  2 


177 


Long-Term  Oxygen  Therapy  vs  Long-Term  Ventilatory  Assistance 

Jadwiga  A  Wedzicha  MD 


Introduction 

Physiologic  Considerations 

Early  Experience  with  Noninvasive  Ventilation  in  Chronic  Obstructive 

Pulmonary  Disease 

Positive-Pressure  Techniques 

Negative-Pressure  Techniques 
Nasal  Intermittent  Positive-Pressure  Ventilation 

Evidence  for  Benefit  in  Chronic  Obstructive  Pulmonary  Disease 

Longer-Term  Outcome  in  Chronic  Obstructive  Pulmonary  Disease 

Recommendations  for  Use  in  Chronic  Obstructive  Pulmonary  Disease 

Bronchiectasis 

Cystic  Fibrosis 
Summary 

[Respir  Care  2000;45(2):178-185]  Key  words:  long-term  oxygen  therapy, 
chronic  obstructive  pulmonary  disease,  noninvasive  ventilation,  nasal  intermit- 
tent positive-pressure  ventilation,  bronchiectasis,  cystic  fibrosis,  nocturnal  hy- 
poventilation. 


Introduction 

Domiciliary  long-term  oxygen  therapy  (LTOT)  is  one 
of  the  few  interventions  for  chronic  obstructive  pulmonary 
disease  (COPD)  that  improves  survival,  when  used  for  > 
15  hours  a  day.'-^  LTOT  has  also  been  shown  to  have  a 
number  of  important  physiologic  benefits,  though  it  has 
little  effect  on  other  factors,  including  health-related  qual- 
ity of  life  or  reduction  in  disease  exacerbation.  Many  of 
these  COPD  patients  exhibit  marked  abnormalities  of  over- 
night ventilation,  with  a  consequent  derangement  of  blood 
gases  and  ventilatory  muscle  dysfunction,  which  may  con- 
tribute to  the  progressive  deterioration  seen  in  this  group. ^'' 
It  has  therefore  been  suggested  that  ventilatory  support 
may  confer  further  advantages  when  used  in  addition  to 
LTOT. 
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Early  studies  in  patients  with  respiratory  failure  due  to 
COPD,  using  mainly  negative-pressure  techniques,  largely 
found  no  benefit  from  ventilation.^  **  However,  early  un- 
controlled studies  of  COPD  patients  on  noninvasive  pos- 
itive-pressure ventilation  (NPPV),  mainly  using  nasal 
masks,  showed  that  it  was  possible  to  apply  ventilation  to 
these  patients,  as  was  previously  found  in  chest  wall  and 
neuromuscular  disease.  The  addition  of  NPPV  could  pro- 
duce significant  improvements  in  arterial  blood  gases 
(ABGs)  and  control  of  nocturnal  hypoventilation.'^-" 

Physiologic  Considerations 

In  COPD  patients,  ventilation  is  reduced  during  sleep, 
with  further  reduction  in  ventilation  during  rapid-eye- 
movement  (REM)  sleep.  This  decrea.se  in  ventilation  is 
largely  due  to  reduction  in  tidal  volume,  and  is  not  usually 
associated  with  apnea.'^  The  hypoventilation  will  cause 
considerable  arterial  oxygen  desaturation  at  night,  which 
may  be  an  important  factor  in  the  development  of  chronic 
pulmonary  hypertension.^'  During  sleep  there  is  a  reduc- 
tion in  carbon  dioxide  responsiveness'''  and  an  increase  in 
upper  airway  resistance,  leading  to  further  respiratory  in- 
sufficiency.''* Other  mechanisms  of  arterial  oxygen  de- 
saturation  include  a  higher  physiologic  dead  space  in  COPD 
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patients,  effects  of  hyperinflation,  and  ventiiation-perfu- 
sion  inequalities. 

Nocturnal  arterial  oxygen  desaturation  may  be  corrected 
with  supplemental  oxygen  therapy,  though  this  is  associ- 
ated with  worsening  hypercapnia,  especially  in  the  early 
hours  of  the  morning,'''  and  little  effect  is  observed  on 
daytime  blood  gases.  A  study  of  patients  with  stable  COPD 
by  means  of  sequential  polysomnography  and  overnight 
blood  gas  monitoring  noted  a  relationship  between  the  fall 
in  arterial  oxygen  saturation  overnight  and  progression  of 
the  underlying  disease,  particularly  in  those  patients  with 
concomitant  hypercapnia.'*  The  deterioration  in  hypoven- 
tilation and  hypercapnia  may  further  impair  diaphragmatic 
function'^  and  respiratory  mechanics  and  eventually  have 
a  deleterious  effect  on  central  respiratory  drive. 

It  has  been  suggested  that  in  COPD  the  respiratory  mus- 
cles are  subject  to  fatigue  and  that  improvements  in  lung 
mechanics  and  a  consequent  reduction  in  work  load  may 
facilitate  muscle  rest  and  relief  of  fatigue.  Several  inves- 
tigators have  shown  that  the  application  of  noninvasive 
ventilation,  using  both  positive-pressure  and  negative- 
pressure  techniques,  may  produce  significant  reductions  in 
diaphragmatic  electromyogram  activity  and  work  of  breath- 
ing.^'**--" However,  no  long-term  controlled  study  has 
shown  an  improvement  in  measures  of  ventilatory  muscle 
strength  with  the  addition  of  assisted  ventilation. 

Evidence  is  emerging  that  the  mechanism  of  reversal  of 
hypoventilation  and  thus  improvement  of  ABGs  during 
the  daytime  is  an  improvement  in  carbon  dioxide  respon- 
siveness. Hill  et  al  showed  that  withdrawal  of  noninvasive 
ventilation  for  a  period  of  one  week  in  patients  with  chest 
wall  and  neuromuscular  disease  produced  deterioration  in 
symptoms  and  nocturnal  hypoventilation,  but  no  effects 
were  seen  on  respiratory  muscle  function.-'  Similar  results 
were  reported  by  Goldstein  et  al  in  patients  with  neuro- 
muscular disease,  suggesting  that  the  application  of  non- 
invasive ventilation  improves  the  sensitivity  to  carbon  di- 
oxide.-- Elliot  et  al,  in  a  study  of  nocturnal  nasal  ventilation 
in  COPD  patients,  showed  that  patients  whose  blood  gases 
improved  had  associated  increased  chemosensitivity  to  car- 
bon dioxide.-'  However,  they  were  unable  to  demonstrate 
any  effects  on  respiratory  muscle  fatigue  with  the  addition 
of  NPPV. 

Patients  with  hypoxic  COPD  also  have  sleep  disruption, 
though  the  effects  of  supplemental  oxygen  therapy  on  sleep 
quality  have  been  variable,  with  some  studies  showing 
benefit  and  others  not  documenting  any  effect. '-''•^■*  Al- 
though some  of  these  patients  may  have  coincident  sleep 
apnea,  sleep  disruption  in  COPD  is  not  usually  caused  by 
the  effects  of  upf)er  airway  obstruction.  COPD  patients 
may  be  seen  to  arouse  during  episodes  of  oxygen  desatu- 
ration, though  sleep  disruption  is  also  present  in  COPD 
patients  who  do  not  desaturate  at  night.^^  Hypercapnia 
may  be  worsened  overnight  with  the  addition  of  supple- 


mental oxygen  therapy.  An  acute  elevation  of  arterial  par- 
tial pressure  of  carbon  dioxide  (Pgco,)  during  the  night 
may  contribute  to  arousals  and  thus  impaired  sleep  qual- 
ity.-*■  Control  of  nocturnal  hypercapnia  through  nasal  ven- 
tilation may  improve  sleep  quality  and  thus  result  in  im- 
proved neuropsychological  performance  and  quality  of  life. 

Early  Experience  with  Noninvasive  Ventilation  in 
Chronic  Obstructive  Pulmonary  Disease 

Positive-Pressure  Techniques 

Positive-pressure  ventilation  (PPV)  through  a  tracheos- 
tomy has  been  widely  used  in  France,  although  controlled 
studies  of  its  efficacy  in  COPD  patients  are  lacking.  Rob- 
ert et  al  showed  that  COPD  patients  had  a  worse  prognosis 
than  patients  with  other  conditions  requiring  assisted  ven- 
tilation, such  as  kyphoscoliosis  or  the  sequelae  of  tuber- 
culosis.-^ The  survival  in  their  COPD  group,  treated  by 
tracheostomy,  was  similar  to  that  of  the  British  Medical 
Research  Council  long-term  oxygen  trial.-  However,  a  fur- 
ther multicenter  study  from  France  of  259  COPD  patients 
showed  an  improved  survival,  compared  to  that  of  the 
British  Medical  Research  Council  group  for  the  first  4 
years,  and  then  the  survival  curves  became  similar.-*  The 
suggestion  was  made  that  assisted  ventilation  in  COPD 
should  be  used  at  an  earlier  stage  in  the  natural  history  of 
the  condition  to  obtain  increased  benefit. 

Negative-Pressure  Techniques 

Negative-pressure  ventilation,  although  effective  in  pa- 
tients with  chest  wall  and  neuromuscular  disease,  has  been 
less  successful  in  COPD  patients,  mainly  due  to  poor  pa- 
tient tolerance  of  and  compliance  with  the  technique.  Mus- 
culoskeletal and  chest  discomfort  are  common  with  neg- 
ative-pressure devices,  and  the  equipment  tends  to  be  more 
cumbersome.  Upper  airway  obstruction  may  also  be  po- 
tentiated with  the  use  of  negative-pressure  equipment. 

A  randomized  crossover  study  comparing  the  pneumo- 
suit  negative-pressure  ventilator  with  standard  care  in  20 
stable  COPD  outpatients  over  6  months  showed  no  im- 
provement in  blood  gases,  maximal  inspiratory  pressure, 
maximal  expiratory  pressure,  or  exercise  tolerance.**  How- 
ever, 1 1  of  the  20  patients  withdrew  from  the  study  be- 
cause of  inability  to  tolerate  the  ventilator.  Almost  all  the 
patients  were  dissatisfied  with  the  treatment  and  used  it  for 
4. 1  hours  daily,  considerably  less  time  than  recommended. 
Patients  most  frequently  complained  of  musculoskeletal 
pain  and  inconvenience  with  the  negative-pressure  venti- 
lation. 

Another  randomized  study  of  negative-pressure  venti- 
lation in  COPD  using  the  pneumosuit  device  was  reported 
in  hospital  patients.*"  The  trial,  involving  16  COPD  pa- 
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tients,  aimed  to  determine  whether  negative-pressure  ven- 
tilation, when  added  to  a  standard  exercise  training  and 
pulmonary  rehabilitation  programme,  improved  ventila- 
tory muscle  function,  perception  of  well-being,  and  exer- 
cise performance.  There  was  no  physiologic  advantage 
documented  from  the  use  of  negative-pressure  ventilation 
and,  again,  compliance  with  the  equipment  was  poor.  How- 
ever, as  in  the  previous  study  described,  the  COPD  pa- 
tients had  only  modest  hypercapnia. 

Shapiro  et  al  reported  a  study  of  184  COPD  patients 
who  were  randomized  to  receive  either  active  negative- 
pressure  ventilation  or  sham  treatment  over  a  12-week 
period  of  home  use.^  There  were  no  significant  changes  in 
the  active  compared  to  the  sham  group  with  respect  to  the 
outcome  measures,  which  included  cycle  exercise  endur- 
ance time,  .severity  of  dyspnea,  quality  of  life,  arterial 
blood  gas  tensions,  and  respiratory  muscle  strength.  The 
authors  concluded  that  negative-pressure  ventilation  was 
ineffective  as  a  method  for  resting  respiratory  muscles  in 
patients  with  stable  COPD.  However,  again,  compliance 
with  the  technique  was  poor,  with  63  patients  either  not 
using  the  respirators  at  all  or  stopping  before  completing 
the  12-week  study  period.  Although  the  aim  of  the  study 
was  for  the  patients  to  use  the  ventilation  overnight,  this 
was  unsuccessful  and  most  of  the  patients  were  only  treated 
during  the  daytime,  with  the  vast  majority  receiving  <  3.5 
hours  of  ventilation  daily.  The  aim  of  the  study  was  to 
obtain  at  least  a  50%  reduction  in  the  amplitude  of  the 
diaphragmatic  electromyogram  signal,  with  an  average  ven- 
tilator use  of  5  hours  daily,  but  this  objective  was  only 
achieved  in  29%  of  the  patients. 

Other  studies  in  COPD  patients  have  been  reported  us- 
ing negative-pressure  ventilation  on  an  intermittent  basis 
in  hospital.  One  study  showed  improvement  in  blood  gases, 
though  the  design  was  uncontrolled,  with  small  numbers 
of  patients.-^  However,  in  this  study,  the  patients  were 
significantly  hypercapnic.  Another  controlled  study  sug- 
gested a  beneficial  effect  on  ventilatory  muscle  function  in 
those  patients  who  received  negative-pressure  ventilation 
for  3  to  6  hours  daily  for  3  consecutive  days,  though  no 
long-term  follow-up  or  therapy  with  negative-pressure  was 
available. ^° 

Nasal  Intermittent  Positive-Pressure  Ventilation 

Evidence  for  Benefit  in  Chronic  Obstructive 
Pulmonary  Disease 

Following  the  success  of  NPPV  in  correcting  hypoven- 
tilation and  daytime  blood  gases  in  chest  wall  and  neuro- 
muscular disease,  treatment  was  extended  to  COPD  pa- 
tients. Early  uncontrolled  studies  showed  that  ABGs 
improved  in  patients  treated  with  NPPV,  with  improve- 
ment in  sleep  quality.''""'  Results  were  more  favorable 


than  those  achieved  previously  with  negative-pressure  ven- 
tilation. However,  in  these  studies  compliance  with  venti- 
lation was  not  as  good  as  in  patients  with  restrictive  chest 
disease.  The  patients  who  showed  benefit  were  those  who 
also  had  significant  daytime  hypercapnia  and  in  whom 
nocturnal  hypercapnia  could  be  successfully  reduced  by 
overnight  ventilation.'"  Supplemental  oxygen  was  not  used 
routinely  with  the  NPPV  in  some  early  studies.  This  may 
have  reduced  benefit  because  overnight  oxygen  saturation 
levels  were  not  adequately  corrected  with  NPPV  alone."* 

Strumpf  et  al  performed  a  randomized  crossover  study 
of  nasal  ventilation  using  a  bi-level  positive  airway  pres- 
sure ventilator  (BiPAP,  Respironics,  Pittsburgh.  Pennsyl- 
vania) in  19  COPD  patients.^-  Compliance  proved  to  be  a 
major  problem  in  the  study,  and  only  7  patients  completed 
both  arms  of  the  protocol,  the  poor  compliance  mainly 
resulting  from  problems  with  the  nasal  mask  interface. 
This  study  showed  no  changes  in  pulmonary  function, 
respiratory  muscle  strength,  gas  exchange,  exercise  endur- 
ance, sleep  efficiency,  sleep  quality,  oxygenation,  or  dys- 
pnea ratings  between  the  2  arms  of  the  trial.  The  only 
improvements  observed  were  in  neuropsychological  func- 
tion. Although  these  patients  had  severe  air  tlow  obstruc- 
tion, they  showed  less  severe  derangement  of  blood  gases 
and,  in  particular,  lesser  degrees  of  hypercapnia.  with  some 
patients  in  the  normocapnic  range. 

Meecham  Jones  et  al  reported  a  randomized  crossover 
study  of  nasal  pressure  support  ventilation  plus  oxygen 
therapy,  compared  to  domiciliary  oxygen  therapy  alone,  in 
18  hypercapnic  COPD  patients."  The  aim  of  this  study 
was  to  investigate  the  effect  of  the  addition  of  nasal  inter- 
mittent positive-pressure  ventilation  (NIPPV)  to  patients 
already  established  on  LTOT.  Following  a  run-in  period, 
each  patient  received  randomly  NIPPV  plus  oxygen  and 
oxygen  alone  for  3-month  periods.  There  were  significant 
improvements  in  daytime  ABGs,  with  the  mean  arterial 
partial  pressure  of  oxygen  (Pao,)  rising  from  44.3  mm  Hg 
after  the  oxygen  period  to  50.2  mm  Hg  after  the  addition 
of  NPPV,  and  R.^-o,  falling  from  57.0  mm  Hg  to  52.5  mm 
Hg  (Fig.  1 ).  After  the  addition  of  NPPV  there  was  also 
improvement  in  overnight  Paco,-  'otal  sleep  time,  and  sleep 
efficiency,  suggesting  that  control  of  hypoventilation  in 
these  patients  is  effective  and  leads  to  improved  sleep 
quality.  The  improvement  in  daytime  blood  gas  values  was 
correlated  with  the  change  in  overnight  P.,co,  (F'g-  2)-  This 
suggests  that  the  patients  who  showed  the  greatest  im- 
provement in  P;,co,  with  nocturnal  nasal  ventilation  are 
likely  to  gain  the  greatest  benefit  from  the  treatment. 

Compliance  in  this  study  was  much  better  than  most 
previous  studies  of  noninvasive  ventilation  in  COPD,  with 
14  of  the  18  patients  completing  the  study,  and  only  1 
patient  was  withdrawn  because  of  inability  to  tolerate  the 
equipment.  Previous  studies  had  mainly  initiated  NPPV  in 
outpatients.'-  whereas  in  this  study  all  patients  had  nasal 
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Fig.  1.  Clianges  in  daytime  arterial  blood  gases  (arterial  partial  pressure  of  oxygen  [PgoJ  and  arterial  patlial  pressure  of  carbon  dioxide 
[Paco2])  during  oxygen  tfierapy  alone  and  then  with  the  addition  of  nasal  pressure  support  ventilation  (NPSV)  for  a  3-month  period.  Individual 
data  are  shown  for  14  COPD  patients,  with  the  mean  values  as  solid  lines.  (From  Reference  11,  with  permission.) 


ventilation  initiated  as  inpatients,  allowing  them  maximum 
support  and  education  while  they  became  familiar  with  the 
equipment.  Improved  compliance  may  also  have  been  due 
to  the  greater  degree  of  hypercapnia  in  these  patients  and 
consequent  benefit  achieved  with  ventilation. 

As  progressive  COPD  is  associated  with  significant  dis- 
turbance of  the  activities  of  daily  living,  measures  of  qual- 
ity of  life  are  essential  for  assessing  the  effectiveness  of 
therapies.-'^  Studies  of  LTOT  have  generally  not  demon- 
strated any  benefit  with  respect  to  quality  of  life.  ^^  Meecham 
Jones  et  al  measured  quality  of  life  using  the  St  Georges 
Respiratory  Questionnaire  (SGRQ).  which  provides  a  dis- 
ease-specific measure  of  quality  of  life,  with  3  component 
scores  (symptoms,  activities,  and  impacts)  and  a  total 
score.''-''  The  combination  of  NIPPV  with  oxygen  therapy 
produced  significant  improvements  in  symptom,  impact, 
and  total  quality  of  life  scores,  as  compared  to  oxygen 
alone.  There  was  no  change  in  the  activity  component  in 
the  2  study  groups  and  no  change  in  6-minute  walking 
distance  after  ventilation.  A  study  involving  patients  with 
restrictive  ventilatory  disorders  showed  that  quality  of  life 
was  related  to  sleep  quality. '''  Although  these  findings 
were  not  confirmed  in  the  study  by  Meecham  Jones  et  al, 
it  is  possible  that  improvements  in  sleep  time  and  effi- 
ciency contribute  to  parallel  improvements  in  health-re- 
lated quality  of  life.  Seemungal  et  al  recently  found  that 
quality  of  life  assessed  using  the  SGRQ  is  strongly  related 
to  exacerbation  frequency."  It  is  possible  that  the  ob- 
served improvement  in  health  status  reflects  reduction  in 
exacerbation  frequency,  though  this  was  not  addressed  in 
this  particular  study.  NPPV  may  also  protect  the  patient 
against  deterioration  in  blood  gases  during  an  exacerba- 


tion, and  this  may  be  the  mechanism  of  any  observed 
survival  benefit. 

Perrin  et  al  followed  14  patients  with  hypercapnic  COPD 
over  a  6-month  period  and  found  similar  improvements  in 
daytime  ABGs.^^  This  study  is  also  of  interest  in  that 
improvements  were  also  found  in  the  total  SGRQ  score 
and  in  the  impacts  component  of  the  SGRQ  score. 

Another  small  study  that  investigated  the  effects  of  the 
addition  of  NPPV  to  oxygen  therapy  in  severe  COPD  found 
no  significant  benefit  from  NPPV  after  only  2  weeks  of 
therapy.^''  However,  acclimatization  to  the  ventilator  may 
take  longer  than  2  weeks,  so  the  study  time  was  too  short. 
In  that  study,  patients  had  problems  with  higher  levels  of 
inspiratory  positive  airway  pressure  (>  15  cm  HjO)  and 
this  suggests  that  they  required  a  longer  period  of  accli- 
matization to  the  ventilator. 

Longer-Term  Outcome  in  Chronic  Obstructive 
Pulmonary  Disease 

There  are  some  data  on  longer-term  outcome  with  NPPV 
in  COPD,  though  these  data  are  mainly  from  uncontrolled 
studies.  Leger  et  al  followed  50  COPD  patients  on  NPPV 
and  observed  a  significant  decrease  in  P^co,  i"  long-term 
survivors  over  2  years,  again  emphasizing  the  importance 
of  NPPV  for  control  of  hypoventilation  and  outcome.'*" 
Probability  of  continuing  nasal  ventilation  was  lower  in 
COPD  patients,  at  56%,  compared  to  patients  with  kypho- 
scoliosis, at  80%,  and  sequelae  of  tuberculosis,  at  76%.  In 
a  United  Kingdom  series  of  33  COPD  patients  treated  with 
NPPV  over  a  5-year  period,  the  probability  of  continuing 
ventilation  was  lower,  at  43%,'"  which  is  comparable  to 
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Fig.  2.  Relationship  between  the  change  in  mean  daytime  arterial  partial  pressure  of  carbon  dioxide  (Paco?)  3"^  change  in  mean  nocturnal 
partial  pressure  of  carbon  dioxide  measured  transcutaneously  (Ptcoa)  a^er  3  months  of  nasal  ventilation  in  1 4  CORD  patients.  The  degree 
of  improvement  in  daytime  Racos  was  correlated  with  the  improvement  in  mean  overnight  R,co2'  with  those  patients  showing  the  greatest 
improvement  in  nocturnal  P,co2  having  the  largest  changes  in  daytime  Pacos-  (From  Reference  1 1 ,  with  permission.) 


survival  achieved  with  LTOT.'-  However,  patients  in- 
cluded in  this  series  were  at  the  severe  end  of  the  spectrum 
of  chronic  respiratory  failure,  and  most  were  deteriorating 
despite  LTOT.  It  is  likely  that  NPPV  was  instituted  too 
late  in  the  natural  history  of  the  condition  to  achieve  op- 
timum benefit. 

A  study  of  NPPV  in  COPD  patients  who  were  unable  to 
tolerate  LTOT  showed  that  survival  was  similar  to  those 
able  to  take  oxygen  therapy  and  better  than  historical  con- 
trols.''^  Factors  predicting  a  poor  survival  included  high 
overnight  transcutaneously-measured  carbon  dioxide  ten- 
sion, again  emphasising  that  control  of  nocturnal  hypoven- 
tilation is  an  important  factor  in  the  use  of  NPPV  in  hy- 
percapnic  COPD. 

Another  recent  small  uncontrolled  study  of  NPPV  in 
COPD  found  that  hospital  admissions  and  primary  care 
consultations  were  halved  with  NPPV,  though  this  type  of 
analysis  is  subject  to  bias,  because  the  use  of  NPPV  in- 
volves more  supervision  and  hospital  visits."'' 

A  recent  study  divided  hypercapnic  COPD  patients  into 
two  groups,  depending  on  whether  the  patient  could  tol- 
erate NPPV.  Although  there  was  no  difference  in  mortality 
between  the  two  groups,  patients  taking  NPPV  had  a  re- 
duction in  intensive  care  admissions,  compared  to  those  on 
LTOT  alone.""  However,  this  study  has  some  important 


limitations  in  that  the  patients  were  not  randomized  and 
were  only  selected  on  ability  to  tolerate  NPPV.  The  results 
of  randomized  controlled  trials  comparing  long-term  out- 
come with  NIPPV  compared  to  oxygen  therapy  are  awaited. 

Recommendations  for  Use  in  Chronic  Obstructive 
Pulmonary  Disease 

Results  from  randomized  studies  described  above  sug- 
gest that  there  is  now  sufficient  evidence  for  the  use  of 
NPPV  in  selected  COPD  patients  (Table  1)."  However, 
there  is  no  evidence  from  controlled  trials  that  NPPV  im- 
proves survival  in  hypercapnic  COPD.  Patients  must  have 
daytime  hypercapnia  and  documented  nocturnal  hypoven- 
tilation that  can  be  controlled  with  the  chosen  ventilator. 
Patients  with  the  most  effective  reduction  of  hypercapnia 
during  the  night  will  be  expected  to  achieve  the  most 
benefit  from  the  addition  of  NPPV."  Thus,  prior  to  estab- 
lishing a  patient  on  home  NPPV,  investigation  with  over- 
night monitoring  of  hypoventilation  and  the  response  to 
NPPV  is  required.  COPD  patients  with  hypercapnia  and 
considerable  sleep  disruption  will  be  particularly  suitable 
for  long-term  ventilation,  because  sleep  quality  has  been 
shown  to  improve  with  NPPV.  Obstructive  sleep  apnea 
may  coexist  with  COPD  and  must  be  assessed  prior  to 
prescribing  home  NPPV. 
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Table  1 .      NPPV  in  COPD— Selection  Criteria  of  Patients  for  Long- 
Term  Oxygen  Therapy 

Daytime  hypercapnia 

Nocturnal  hypoventilation 

Established  on  long-term  oxygen  therapy 

NPPV  improves  control  of  hypoventilation 

Poor  sleep  quality  with  frequent  arousals 

Exclude  end-stage  disease — stability  of  blood  gases 

Appropriate  support  and  education  for  patient 

Adequate  patient  motivation 


NPPV  =  noninvasive  posilive-pressure  venlilalion;  COPD  =  chronic  obstructive  pulmonar>' 
disease. 


Initiation  of  NPPV  for  COPD  on  an  inpatient  basis  may 
improve  compliance,'""  though  this  will  increase  treat- 
ment costs.  Compliance  is  frequently  affected  by  compli- 
cations related  to  the  nasal  mask  used  for  ventilation.  Al- 
though nasal  mask  complications  are  common  at  the  start 
of  ventilation,  most  resolve  with  specific  attention.'*^  Early 
identification  of  nasal  mask  complications  and  interven- 
tion will  improve  compliance  and  thus  efficiency  of  NPPV. 
Patients  chosen  for  home  NPPV  must  be  appropriately 
motivated  and  prepared  to  accept  the  ventilator  at  home.  A 
ventilation  acclimatization  period  may  allow  careful  ad- 
justments of  the  settings  to  increase  patient  comfort.  In 
some  COPD  patients  the  presence  of  intrinsic  positive  end- 
expiratory  pressure  may  produce  asynchrony  between  the 
ventilator  and  the  patient's  respiratory  efforts.''*  Care  must 
be  taken  during  the  initiation  of  NPPV  to  ensure  adequate 
capture  of  the  ventilation.  Patients  will  be  monitored  with 
blood  gases  and  adjustments  of  the  ventilator  may  be  later 
required,  especially  when  the  disease  eventually  progresses. 
Various  types  of  ventilators  are  available  for  NPPV  in 
COPD,  and  the  choice  will  depend  on  local  experience, 
cost,  and  patient  acceptance.  Both  volume-cycled  and  pres- 
sure-cycled ventilators  are  effective  in  patients  with  hy- 
percapnic  COPD."*^  Equipment  for  pressure  support  ven- 
tilation is  generally  less  expensive  than  that  required  for 
assist  control  ventilation,  and  has  been  used  in  a  number  of 
reported  studies. 

The  point  in  the  natural  history  of  hypercapnic  COPD  at 
which  NPPV  treatment  should  commence  has  not  been 
evaluated.  Although  LTOT  improves  survival  in  patients 
with  hypoxemic  COPD,  eventually  patients  die  with  pro- 
gressive irreversible  air  flow  obstruction,  with  blood  gas 
measurements  deteriorating  before  death.'*'*  Studies  that 
found  benefit  from  NPPV  in  COPD  recruited  mainly  sta- 
ble patients.  However,  patients  are  often  referred  for  fur- 
ther management  when  blood  gas  measurements  are  dete- 
riorating, despite  optimum  management  and  LTOT. 
Meecham  Jones  et  al  reported  a  study  of  9  patients  with 
advanced  hypercapnic  COPD  and  hypoxemia  refractory  to 
oxygen  therapy  (Pao,  <  60  mm  Hg  on  supplemental  ox- 


ygen).-*'  The  addition  of  long-term  NPPV  to  LTOT  in 
these  patients  produced  no  improvement  in  clinical  con- 
dition or  blood  gases.  This  suggests  that  chronic  NPPV 
should  be  used  at  an  earlier  stage  in  the  natural  history  of 
the  condition,  before  rapid  clinical  deterioration  occurs. 
However,  several  studies  have  found  that  patients  with 
acute  respiratory  failure  due  to  COPD  can  be  successfully 
treated  with  NPPV.^o-si  Further  studies  are  required  to 
assess  the  optimum  time  for  starting  long-term  NPPV  in 
COPD  patients. 

Bronchiectasis 

Patients  with  bronchiectasis  may  be  difficult  to  distin- 
guish in  clinical  practice  from  COPD  patients.  Pulmonary 
function  tests  will  show  an  obstructive  defect,  with  or 
without  a  restrictive  pattern.  With  disease  progression  ven- 
tilation-perfusion  ratio  worsens  and  hypoxemia  develops. 
Later  the  patient  will  develop  hypoventilation  with  hyper- 
capnia, though  at  this  stage  there  is  often  severe  end-stage 
lung  disease.  In  addition  to  the  progressive  lung  disease, 
patients  with  bronchiectasis  have  copious  sputum  produc- 
tion and  recurrent  infection,  which  cause  further  problems 
during  assisted  ventilation  and  weaning.'''' 

In  the  French  series  on  patients  using  PPV  through  a 
tracheostomy,  survival  was  inferior  for  those  with  bron- 
chiectasis, compared  to  patients  with  COPD  and  chest  wall 
deformity  or  neuromuscular  disease. 2''  In  a  recent  report 
from  the  United  Kingdom,  in  a  series  of  patients  with 
bronchiectasis  and  respiratory  failure  treated  by  NPPV,  the 
major  outcome  measure  was  probability  of  continuing 
NPPV,  which  was  <  20%  after  two  years.^'  The  NPPV 
was  started  late  in  the  natural  history  of  the  condition  and 
the  patients  became  increasingly  ventilator  dependent  dur- 
ing the  treatment  period.  All  the  patients  with  bronchiec- 
tasis had  been  referred  for  consideration  of  heart-lung 
transplantation.  In  a  study  by  Leger  et  al,"*"  25  patients 
were  treated  with  NPPV  for  bronchiectasis.  There  was  a 
higher  probability  of  continuing  NPPV  than  in  the  British 
study.  However,  significant  change  in  blood  gas  measure- 
ments was  not  seen  and,  in  contrast  to  the  other  indications 
for  NPPV,  there  was  no  reduction  in  days  of  hospitaliza- 
tion for  respiratory  illness.  One  retrospective  study  of  NPPV 
using  volume-cycled  ventilators  in  bronchiectasis  found 
that,  although  the  Paco,  was  not  reduced,  it  was  stabilized 
with  NPPV,  and  the  number  of  days  in  hospital  was  re- 
duced.s-* 

Cystic  Fibrosis 

Intubated  cystic  fibrosis  patients  may  have  a  prolonged 
clinical  course  in  the  intensive  care  unit  and  considerable 
difficulties  with  weaning.  The  availability  of  heart-lung 
transplantation  provides  hope  to  end-stage  patients  with 
cystic  fibrosis  and  progressive  respiratory  failure,  because 
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such  patients  may  be  removed  from  transplantation  lists  if 
intubated.  NPPV  has  been  used  in  the  management  of 
these  patients  in  an  effort  to  avoid  complications  of  intu- 
bation and  to  serve  as  a  bridge  to  transplantation."^^ 

Piper  et  al  treated  4  cystic  fibrosis  patients  who  had 
hypercapnic  respiratory  failure  for  up  to  18  months.'* 
Within  a  few  days  of  starting  NPPV,  hypercapnia  was 
reduced  and  patients  reported  improved  length  and  quality 
of  sleep.  After  stabilization,  all  the  patients  were  discharged 
home,  with  improvements  maintained  for  up  to  18  months. 
Hill  et  al  followed  10  patients  with  cystic  fibrosis  awaiting 
transplantation  who  were  treated  with  home  NPPV  for  up 
to  15  months."  At  3  months  after  treatment  they  observed 
improvements  in  forced  vital  capacity.  Pace,,  and  a  sig- 
nificant reduction  in  the  number  of  hospital  inpatient  days. 
However,  in  this  study  patients  were  generally  started  on 
NPPV  late  in  the  natural  history  of  their  disease.  Earlier 
use  may  have  advantages  and  requires  study. 

Summary 

The  use  of  positive-pressure  nasal  ventilation  in  com- 
bination with  LTOT  in  stable  COPD  patients  with  hyper- 
capnic respiratory  failure  controls  hypoventilation  and  im- 
proves daytime  ABGs,  sleep,  and  quality  of  life.  Nasal 
ventilation  in  COPD  is  unlikely  to  produce  benefit  unless 
used  with  supplemental  oxygen  therapy  at  night.  The  pa- 
tients who  show  the  greatest  reduction  in  overnight  P^^o, 
with  ventilation  are  the  patients  most  likely  to  benefit  from 
long-term  ventilatory  support.  Although  there  is  now  ev- 
idence for  short-term  benefit  from  NPPV  in  hypercapnic 
COPD,  large  multicenter  studies  with  survival,  exacerba- 
tions, and  hospital  admissions  as  the  primary  end  points 
are  required  to  evaluate  longer-term  effects  of  this  poten- 
tially important  intervention. 
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Discussion 

Maclntyre:  In  the  United  States 
there's  quite  a  controversy  about 
NPPV  in  COPD.  Walter  and  I  and 
maybe  some  other  people  in  this  room 
have  been  involved  with  the  United 
States  Medicare  system  on  reimburse- 
ment strategies  for  this  particular  mo- 
dality. One  of  the  key  points  of  con- 
tention in  the  United  States  is  the  issue 
of  a  backup  rate.  The  reason  that's 
important  in  the  United  States  and 
probably  not  so  important  in  the  rest 
of  the  world  is  that  if  you  supply  an 
NPPV  device  with  a  backup  rate  the 
reimbursement  rate  is  substantially 
higher  than  for  a  system  without  a 
backup  rate,  so  there's  a  huge  finan- 
cial difference,  and  the  issue  is  whether 
COPD  patients  ought  to  have  backup 
rates.  The  way  it's  falling  out  in  Wash- 
ington, DC,  right  now  is  that  COPD 
patients  are  likely  not  to  be  reimbursed 
for  the  much  more  expensive  backup 
rate  system  unless  there  is  a  sleep  study 
showing  that  the  backup  rate  is  im- 
portant. So  I  was  intrigued  with  your 
comment  that  in  the  Meecham  Jones 
study  backup  rates  were  not  used, '  but 
in  spite  of  that  you  have  taken  the 
position  that  they  ought  to  have  backup 
rates.  The  manufacturers  in  the  United 
States  would  absolutely  love  you.  The 
Medicare  folks  are  going  to  be  very 
upset  with  you.  I'm  curious  why  you 
chose  to  use  the  backup  rate. 
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Wedzicha:  We  have  no  studies  on 
this  point.  We  have  got  one  study  in 
which  we  compared  no  backup  to 
backup.  This  was  in  a  combination  of 
COPD  patients  and  chest  wall  disease, 
and  we  found  not  much  difference  be- 
tween the  two  rates.  That's  how  we 
justified  using  no  backup  rate  in  these 
studies.  We  have  started  using  backup 
rates  on  some  of  the  patients  who  have 


more  severe  nocturnal  hyperventila- 
tion. But  we've  never  done  any  more 
detailed  work  on  that  point. 

Petty:  As  Priestley  was  a  heretic,  I 
guess  I  am  too,  because  I  don't  think 
that  carbon  dioxide  is  the  enemy.  I 
think  that  work  of  breathing  is  the  en- 
emy. I  will  respectfully  say  this:  I  never 
do  what  you  do.  What  I  do  is  try  to 
encourage  chronic  compensated  car- 
bon dioxide  retention,  including  use 
of  narcotics  to  blunt  respiratory  drive, 
so  that  the  P^q,  will  rise  beyond  that 
magic  threshold  of  about  80,  at  which 
point,  if  appropriate  bicarbonate  is 
generated  by  the  kidneys,  there's  im- 
mense relief  of  dyspnea.  It's  as  if  the 
respiratory  center  says  "To  hell  with 
it,  I'm  not  going  to  work  so  hard  to 
breathe  any  more."  And  as  we  pub- 
lished years  ago,  many  patients  live  at 
home  quite  comfortably  with  a  P^q^ 
of  100,  compensated,  breathing  at  a 
minute  ventilation  of  2-3  L/min.'  They 
may  get  very  sleepy  for  a  while  as 
they  get  to  end-stage  disease;  they  may 
sleep  for  2  or  3  days,  then  they  wake 
up.  In  this  so-called  sleep  therapy  all 
of  the  endorphins  come  out  of  the 
brain.  So  I  think  it's  a  mistake  to  drive 
Pco,  down.  I  think  we  should  encour- 
age Pco,  to  go  high  so  homeostasis  at 
high  Pf-o,  can  relieve  dyspnea. 
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Wedzicha:  Tom,  the  problem  with 
patients  with  P^q^  of  100  is  that  they're 
very  vulnerable  to  exacerbation.  And 
these  are  the  people  who  come  back- 
wards and  forwards  into  hospital.  I 
must  say  that  when  we  treat  these  peo- 
ple one  of  the  first  outcomes  is  that 
we  see  them  less  at  hospital  admis- 
sions. If  we  do  see  them,  their  admis- 
sions are  shorter. 

Benditt:  You  brought  up  the  ques- 
tion of  using  a  sham  ventilator.  One 
thing  that  always  impressed  me  about 


that  Shapiro  and  Macklem  study'  was 
the  fact  that  their  sham  group  showed 
improvement  too,  indicating  that  the 
equipment  had  some  placebo  effect. 
What  do  you  think  about  that,  and  do 
you  think  that  is  an  issue? 
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Wedzicha:  I  think  you  will  always 
get  placebo  effects  from  the  equipment; 
certainly  you  do  with  sham  continuous 
positive  airway  pressure.  I  think  that's 
why  we  need  randomized  controlled  tri- 
als. However,  with  a  ventilator  I  think 
that,  if  there  is  a  placebo  effect,  it  prob- 
ably will  be  relatively  small.  The  other 
problem  is  practicality.  You're  going  to 
have  to  give  a  very  low  pressure  to  these 
patients.  You'  re  effectively  going  to  give 
them  continuous  positive  airway  pres- 
sure. I  can't  see  any  other  way  of  doing 
a  sham  procedure.  And  I  have  some 
problems  if  you  do  a  two-  to  three-year 
study.  The  continuous  positive  airway 
pressure  sham  procedures  were  done  for 
three  months.  That's  totally  different 
than  doing  it  for  a  two-  to  three-year 
period.  If  you  want  to  catch  exacerba- 
tions, you've  got  to  study  for  a  few  years. 

Kacmarek:  If  I  understood  your 
conclusions  correctly,  you  are  recom- 
mending the  use  of  noninvasive  ven- 
tilation on  a  long-term  basis  in  selected 
patients.  However,  1  must  admit  I  was 
not  convinced  that  you've  presented 
any  information  that  would  convince 
me  to  do  long-term  noninvasive  ven- 
tilation with  COPD  patients.  We 
clearly  have  a  problem  with  compli- 
ance. Even  in  the  hospital  when  non- 
invasive ventilation  is  used  short-term 
for  acute  exacerbations,  most  patients 
demand  discontinuation  as  soon  as 
they  recover  from  the  exacerbation. 
It's  difficult  to  get  this  group  to  tol- 
erate NPPV  in  the  hospital,  let  alone 
at  home.  The  information  you  pre- 
sented about  reduction  in  exacerba- 
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tions  and  changes  in  quality-of-life 
scoring  is  where  I  have  concerns.  Did 
these  data  separate  patients  who  were 
on  noninvasive  ventilation  from  pa- 
tients who  weren't,  or  simply  separate 
patients  who  had  frequent  exacerba- 
tions from  those  with  nonfrequent  ex- 
acerbations? My  understanding  is  that 
there  are  no  randomized  trials  data  to 
show  that  noninvasive  ventilation  does 
anything  except  in  selected  patients, 
where  you  see  some  improvement  in 
overall  gas  exchange. 

Pierson:  You're  talking  about 
COPD?  Not  neuromuscular  disease? 

Kacmarek:     COPD  only. 

Wedzicha:  In  COPD,  as  I  said,  we 
have  no  randomized  controlled  trial 
evidence  that  exacerbations  are  re- 
duced. The  data  I  showed  was  from  a 
population  of  patients  with  severe 
COPD.  We  desperately  need  a  long- 
term  trial  with  outcome  measures  very 
carefully  defined.  My  prejudice  is  that 
survival  will  not  be  improved.  The 
forced  expiratory  volume  in  the  first 
second  is  a  strong  predictor  of  mor- 
tality, but  there  is,  I  think,  increasing 
uncontrolled  data  that  hospital  admis- 
sions improve.  Hospital  admissions  is 
a  difficult  outcome  measure  because 
it  is  dependent,  certainly  where  I  work, 
on  a  lot  of  other  factors.  But  I  think 
we  now  know  how  to  monitor  patients 
much  more  carefully,  and  I  think  that's 
the  line  we  have  to  follow. 

Pierson:  There's  a  tendency  to  treat 
LTOT  versus  nothing,  and  NPPV  ver- 
sus nothing,  as  if  it  were  a  simple  black- 
and-white  matter,  like  putting  some- 
one on  isonicotinic  acid  hydrazide  for 
a  tuberculosis  skin  test  conversion, 
whereas  I  think  NPPV  especially  is  a 
lot  more  like  putting  someone  on  Cou- 
madin to  maintain  anticoagulation.  If 
you've  ever  managed  someone  long- 
term  on  Coumadin,  it  drives  you  crazy 
trying  to  keep  them  in  a  therapeutic 
range,  because  it  takes  so  much  titrat- 
ing and  adjustment.  It's  hard  for  me  to 


keep  track  of  the  different  techniques 
and  monitors  that  have  been  used  to 
gauge  whether  the  ventilation  is  actu- 
ally unloading  the  muscles,  and  I  won- 
der if  you  have  a  comment  about  how 
you  adjust  the  machine  and  the  targets. 

Wedzicha:  1  think  one  other  point  I 
meant  to  answer  to  Bob  on  this  is  that, 
if  you  are,  for  instance,  doing  trials, 
you  have  to  carefully  control  the  con- 
trol group  because  you're  going  to  give 
one  group  very  much  more  attention. 
I  think  these  people  do  need  a  lot  of 
attention.  We  base  our  initial  ventila- 
tion settings  on  daytime  gases,  using 
ear  lobe  blood  gases.  The  patients  have 
an  overnight  sleep  study  when  we  ti- 
trate the  ventilation  to  get  optimal  im- 
provement in  overnight  Pco,-  And  then 
when  we  see  the  patients  three- 
monthly,  we  check  the  ear  lobe  gases 
and  adjust  the  settings.  We  have  also 
found  that  where  we  started  with  pres- 
sure-cycle ventilation  we  have  had  to 
change  to  volume-cycle  ventilation  in 
some  of  these  patients,  especially  if 
there  is  a  lot  of  airway  disease. 

O'Donohue:  There  was  an  NAM- 
DRC  (National  Association  for  Direc- 
tion of  Respiratory  Care)  consensus 
conference  regarding  NPPV,  and  most 
of  the  professional  organizations  rep- 
resented at  this  conference  were  there. 
The  results  of  that  conference  are  pub- 
lished in  Chest. ^ 
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Pierson:  Was  this  consensus  con- 
ference on  NPPV  in  COPD? 

O'Donohue:  No,  but  COPD  was  a 
major  component  of  the  conference. 

Pierson:  Can  you  tell  us  anything 
about  their  conclusions  with  respect 
to  this  particular  topic?  Neil? 


Maclntyre:  Their  recommenda- 
tions in  COPD  actually  go  along  pretty 
much  with  what  you  said.  P^-q,  'ibove 
55  was  the  threshold,  and  that  recom- 
mendation was  adopted  by  the  United 
States  Health  Care  Finance  Adminis- 
tration. There  was  a  proviso  for  P^o, 
between  50  and  54,  but  they  had  to 
have  accompanying  symptoms  of 
sleep  disorders,  morning  headaches, 
or  dyspnea  that  didn't  respond  to  ox- 
ygen, and  a  few  other  things.  The  fed- 
eral government  at  the  moment  is  not 
accepting  that  recommendation  for 
Pco,  values  between  52  and  54.  On 
the  issue  of  the  backup  rate,  we 
couldn't  come  to  consensus,  and  we 
left  it  at  physician  discretion.  As  I  men- 
tioned during  my  comments,  the  fed- 
eral government  did  not  want  to  leave 
it  to  physician  discretion.  They  said 
the  default  condition  was  going  to  be  no 
backup  rate,  the  cheaper  system,  and 
that  a  fwlysomnogram  or  some  other 
evidence  that  they  needed  a  backup  rate 
must  be  provided  to  get  the  more  ex- 
pensive system.  Interestingly  enough,  in 
terms  of  whether  to  continue  it,  it  was 
decided  that  you  ought  to  give  patients 
a  two-month  trial,  and  if  at  the  end  of 
the  two  months  they  were  (a)  still  using 
it,  and  (b)  said  they  liked  it,  then  they 
could  keep  it.  If  they  didn't  meet  those 
two  requirements,  the  machine  would 
be  yanked  from  the  home.  Pat  Dunne 
and  I  talked  about  that,  and  the  psycho- 
logical issues  of  pulling  the  machine  out 
of  the  home,  even  if  it's  not  being  used, 
may  turn  out  to  be  quite  problematic. 

Wedzicha:  In  the  United  Kingdom 
there  are  18,000  people  on  LTOT  and 
12,000  have  COPD,  so  our  projection 
is  that  there  are  about  6,000-7,000 
patients  who  could  potentially  bene- 
fit. Does  anyone  know  the  equivalent 
United  States  figure? 

Petty:  I  think  there  are  about  a  mil- 
lion people  on  home  oxygen,  of  which 
25%  might  have  hypercarbia,  so 
250,000  would  be  my  guess. 
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Introduction 

Nocturnal  oxyhemoglobin  desaturation  (NOD)  occurs 
transiently  in  many  normal  individuals,  and  is  often  more 
frequent,  more  severe,  and  of  longer  duration  in  patients 
with  chronic  obstructive  pulmonary  disease  (COPD). '  -  The 
significance  of  NOD  in  COPD  patients  who  have  mild  or 
no  hypoxemia  while  awake  is  a  subject  of  considerable 
controversy,  and  is  important  in  regard  to  the  possible 
effects  of  therapy  on  quality  of  life  and  long-term  survival. 
In  addition,  if  nocturnal  oxygen  therapy  were  prescribed 
for  every  COPD  patient  who  has  transient  episodes  of 
oxyhemoglobin  desaturation  during  sleep,  a  substantial  in- 
crease in  health  care  costs  would  result,  with  no  definitive 
evidence  of  medical  benefit.'' 

Multicenter  clinical  trials  in  both  North  America  and  the 
United  Kingdom  have  demonstrated  the  value  of  contin- 
uous or  nearly  continuous  oxygen  in  COPD  patients  who 
are  hypoxemic  while  awake.-'''  In  these  patients  the  con- 
tinuation of  oxygen  therapy  during  sleep  appears  to  be 
critical  to  both  survival  and  the  improved  health  effects 
observed.  In  the  Nocturnal  Oxygen  Therapy  Trial  (NOTT),^ 
the  flow  of  oxygen  at  night  was  automatically  increased  by 
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one  liter  over  the  flow  at  rest  during  the  day,  so  as  to  avoid 
NOD,  though  nocturnal  oxyhemoglobin  saturation  mea- 
surements to  document  the  effect  of  this  flow  increase 
were  not  part  of  the  study.  Whether  the  increase  in  noc- 
turnal oxygen  flow  had  any  significant  effect  on  the  final 
outcome  is  unknown.  The  control  group  of  patients  was 
receiving  nocturnal  oxygen  only  and  continued  to  experi- 
ence hypoxemia  throughout  the  day,  with  adverse  long- 
term  clinical  consequences. 

Mechanisms  of  Oxyhemoglobin  Desaturation 
During  Sleep 

To  understand  the  mechanisms  of  sleep  desaturation  in 
COPD  patients,  it  is  first  necessary  to  understand  respira- 
tory patterns  during  normal  sleep.  In  brief,  during  all  stages 
of  sleep  normal  healthy  volunteers  characteristically  have 
a  lower  minute  ventilation  than  while  awake  because  of  a 
lower  tidal  volume  (Vy).''  During  rapid-eye-movement 
(REM)  sleep  (the  dream  state)  there  is  a  further  reduction 
in  V^^,  that  exceeds  any  other  stage  of  sleep,  and  V^^  may 
be  reduced  by  up  to  73%  of  the  awake  Vj.  Overall,  the 
functional  residual  capacity  is  reduced,  with  a  resultant 
maldistribution  of  ventilation.^  Consequent  to  the  reduc- 
tion in  Vj,  normal  subjects  also  have  a  1-2%  drop  in 
arterial  oxygen  saturation  (S,,qJ,  with  an  approximate  re- 
duction in  arterial  partial  pressure  of  oxygen  (Pao,)  from 
96.5  mm  Hg  to  82.5  mm  Hg  at  or  near  sea  level.**  The 
relatively  small  reduction  in  oxygen  saturation  in  norinal 
subjects  occurs  because  they  are  higher  on  the  oxyhemo- 
globin saturation  curve  than  COPD  patients. 
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During  REM  sleep,  there  is  generalized  skeletal  muscle 
hypotonia  except  for  functional  diaphragm  and  ocular 
movements  during  the  phasic  portion  of  REM  sleep.  The 
hyperinflated  COPD  patient  tends  to  use  the  upper  chest 
wall  skeletal  muscles  to  assist  in  maintaining  adequate 
ventilation  because  of  a  flattened  diaphragm.  Consequently, 
during  the  hypotonia  of  REM  sleep  there  is  a  14%  reduc- 
tion in  minute  ventilation  during  REM  sleep  associated 
with  phasic  eye  movements,  which  can  lead  to  nocturnal 
hypoxemia.'""  The  sleeping  COPD  patient  entering  the 
phasic  REM  period  will  therefore  experience  a  combina- 
tion of  intercostal  muscle  hypotonia  and  an  ineffective, 
flattened  diaphragm  that  leads  to  a  much  more  profound 
loss  of  functional  residual  capacity  than  in  normal  sub- 
jects. Since  the  thoracic  gas  volume  of  hyperinflated  lungs 
is  only  slightly  higher  than  closing  volume,  the  functional 
residual  capacity  then  drops  below  the  closing  volume  of 
many  alveoli,  resulting  in  further  reduction  in  the  ventila- 
tion-perfusion  ratio  and  probable  microatelectasis.  This  is 
more  likely  to  occur  in  the  COPD  patient,  whose  arterial 
oxygen  saturation  is  already  at  the  steep  slope  of  the  oxy- 
hemoglobin saturation  curve,  with  a  much  greater  fall  in 
S^o,  than  in  a  normal  subject.  In  a  hypercapnic  COPD 
patient,  this  saturation  drop  occurs  more  rapidly  because 
of  the  elevated  carbon  dioxide  gas  tension.  Further  patho- 
physiologic changes  that  add  to  the  desaturation  of  the 
sleeping  COPD  patient  are  increased  ventilatory  dead  space 
due  to  V^^  reduction,  increased  airway  resistance,  impaired 
mucociliary  clearance,  blunted  cough  reflex,  and  depressed 
ventilatory  drive.'"" 

Signincance  of  Nocturnal  Oxygen  Desaturation  in 
Chronic  Obstructive  Pulmonary  Disease  Patients 


of  85%  or  less  during  REM  sleep.  Using  these  definitions 
for  NOD,  both  groups  found  that  25-45%  of  patients  with 
symptomatic  COPD  who  are  not  hypoxemic  while  awake 
(Pao,  >  60  mm  Hg)  experience  NOD  during  sleep.  Pul- 
monary artery  catheterization  measurements  of  these  pa- 
tients found  pulmonary  hypertension  in  up  to  90%,  even 
though  there  were  no  specific  signs  or  symptoms  to  ac- 
company this  physiologic  finding.'^"*  Mean  Pp^,  continued 
to  increase  when  the  subjects  went  untreated,  but  was 
reduced  by  administration  of  nocturnal  oxygen.  In  a  3-year 
retrospective  multicenter  study,  untreated  subjects  appeared 
to  have  an  increased  risk  of  early  death,'''  but  a  small 
prospective  study  to  define  the  possible  benefits  of  noc- 
turnal oxygen  therapy  in  similar  subjects  showed  only  a 
modest  reduction  in  Pp^,  with  no  change  in  pulmonary 
vascular  resistance,  survival,  or  clinical  course.'^  In  a  study 
of  3 1  COPD  patients  with  awake  P^q,  of  60  mm  Hg  and  no 
evidence  of  NOD,  re-evaluation  after  42  months  found 
that  8  (26%)  had  subsequently  developed  NOD.^" 

It  is  estimated  that  14-16  million  people  in  the  United 
States  have  COPD.  If  25%  of  the  smaller  number  (14 
million)  were  found  to  have  NOD  by  nocturnal  oxyhemo- 
globin saturation  studies,  this  would  represent  3.5  million 
patients  who  could  qualify  for  nocturnal  oxygen  therapy. 
Based  on  previously  published  Medicare  cost  studies  for 
home  oxygen  therapy,-'  the  additional  cost  would  be  more 
than  $7  billion  per  year,  which  is  more  than  6  times  the 
entire  budget  of  the  National  Heart,  Lung,  and  Blood  In- 
stitute.' 

Recommendations  for  Diagnosis  and  Therapy  in 
Patients  with  Nocturnal  Oxygen  Desaturation 


Wynne  et  al'-  provided  an  early  detailed  description  of 
sleep  NOD,  which  was  divided  into  two  types:  ( I )  short 
episodes  (a  few  seconds  to  several  minutes)  associated 
with  alterations  in  breathing,  such  as  hypopneas  and  ap- 
neas, and  (2)  longer  periods  of  desaturation  (several  min- 
utes to  >  30  min)  with  no  specific  alterations  in  breathing 
pattern.  These  longer  episodes  usually  occur  during  REM 
sleep,  are  associated  with  elevations  in  pulmonary  artery 
pressure  (Ppa).  and  are  characteristic  of  NOD  in  COPD. 
Figure  1  shows  the  effect  of  nocturnal  oxygen  therapy  on 
nocturnal  desaturation  during  REM  sleep  in  a  COPD  pa- 
tient." Figure  2  shows  the  effect  of  nocturnal  oxygen  ther- 
apy on  Ppa  in  COPD  patients  with  NOD  over  a  3-year 
period.'^ 

Since  transient  episodes  of  oxyhemoglobin  desaturation 
are  common  during  sleep,  a  definition  of  clinically  impor- 
tant NOD  has  remained  elusive.  Levi-Valensi  et  al,"  in 
Europe,  defined  NOD  as  30%  of  total  sleep  time  with  S^o, 
at  <  90%.  Fletcher  et  al,'*  in  the  United  States,  favored  a 
definition  of  S^o,  at  <  90%  for  >  5  minutes,  with  a  nadir 


Any  patient  who  has  hypoxemia  with  a  P^q,  —  55  mm 
Hg  or  S^o,  —  88%  while  awake  is  a  candidate  for  contin- 
uous oxygen  therapy,  including  nocturnal  oxygen.  The  find- 
ing of  NOD  without  daytime  hypoxemia  should  never  be 
used  as  a  criterion  to  justify  continuous  (24  h/d)  oxygen 
therapy.  If  a  patient  is  clinically  unstable  at  the  time  con- 
tinuous oxygen  therapy  is  begun  (such  as  those  being  dis- 
charged from  the  hospital  while  recovering  from  an  acute 
exacerbation  of  respiratory  disease),  arterial  blood  gases 
should  be  rechecked  in  1-3  months,  when  the  patient  is 
stable  and  receiving  optimal  medical  management.--  If 
hypoxemia  (P^o,  ^  55  mm  Hg  or  S^o,  ^  88%)  is  still 
present,  then  continuous  long-term  oxygen  therapy  is  jus- 
tified indefinitely.  An  arterial  blood  gas  measurement  ob- 
tained with  the  patient  awake  and  at  rest  is  desirable  to 
document  the  need  for  continuous  long-term  oxygen  ther- 
apy. Medicare  regulations  also  allow  home  oxygen  ther- 
apy if  the  Pao,  is  <  60  mm  Hg  or  the  S^q,  <  90%  and  there 
is  evidence  of  cor  pulmonale,  right  heart  failure,  or  eryth- 
rocytosis  with  hematocrit  >  56%. 
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Fig.  1.  Nocturnal  oxyhemoglobin  desaturation  (NOD)  in  a  chronic  obstructive  pulmonary  disease  patient  who  was  not  hypoxemic  while 
awake.  The  column  on  the  left  shows  NOD  occurring  during  REM  sleep  and  associated  with  increased  pulmonary  artery  pressure  and 
systemic  hypertension.  The  middle  column  shows  improvement  with  nocturnal  oxygen  therapy  {4  LVmin  via  nasal  cannula)  for  9  weeks.  The 
right  column  shows  findings  similar  to  the  left  column  when  nocturnal  oxygen  is  discontinued.  (From  Reference  13,  with  permission.) 


Some  patients  who  are  not  hypoxemic  during  the  day 
may  have  cHnical  signs  or  symptoms  that  suggest  noctur- 
nal desaturation,  such  as  cor  pulmonale,  right  heart  failure, 
or  erythrocytosis.  In  these  patients  sleep  studies  should  be 
performed  to  document  NOD  and  to  rule  out  other  sleep 
disturbances  such  as  obstructive  or  central  sleep  apnea. 
Appropriate  therapy  is  then  prescribed  in  accordance  with 
the  specific  diagnosis.  Medicare  regulations  allow  reim- 
bursement for  nocturnal  oxygen  therapy  if  the  P^q,  '^  —  ^^ 
mm  Hg  or  the  S^q,  —  88%,  without  specific  regard  for  the 
duration  of  NOD.  Nocturnal  oxygen  is  also  reimbursed  if 
there  is  a  drop  in  P.^q  of  >  10  mm  Hg  or  in  S^q,  of  >  5% 
with  signs  or  symptoms  of  hypoxemia,  which  Medicare 
defines  as  "cognitive  process,  restless,  or  insomnia." 

Considering  the  relative  ease  with  which  nocturnal  ox- 
ygen can  be  prescribed  and  reimbursed  and  the  possibility 
for  therapy  in  large  numbers  of  patients  in  whom  there  is 
no  established  medical  benefit,  there  is  a  substantial  po- 
tential for  misuse  and  abuse.  Without  appropriate  noctur- 
nal studies,  oxygen  therapy  may  have  little  benefit  in  pa- 
tients with  transient  sleep  desaturation  and  the  potential 
for  worsening  disorders  such  as  obstructive  or  central  sleep 
apnea,  hypoventilation  syndromes,  or  neuromuscular  re- 


spiratory failure.  In  many  of  these  conditions,  airway  pres- 
sure devices  or  ventilatory  assistance  are  the  appropriate 
primary  modes  of  therapy  and  supplemental  oxygen  may 
or  may  not  be  required.  In  patients  with  COPD  and  sleep 
hypoxemia  that  is  correctable  by  supplemental  oxygen 
alone,  it  is  recommended  that  criteria  such  as  those  de- 
scribed by  Levi-Valensi  or  Fletcher  be  utilized  to  docu- 
ment clinically  important  NOD.'-'''*  In  addition,  there 
should  exist  some  evidence  of  hypoxic  tissue  effect  such 
as  pulmonary  hypertension,  cor  pulmonale,  right  heart  fail- 
ure, or  erythrocytosis.  Nocturnal  oxyhemoglobin  desatu- 
ration of  lesser  degrees  and  without  evidence  of  organ 
dysfunction  has  not  been  demonstrated  to  have  adverse 
health  consequences,  and  oxygen  therapy  has  not  been 
shown  to  have  medical  benefit  or  to  be  cost-effective. 
Since  pulmonary  hypertension  and  cor  pulmonale  may  re- 
sult from  NOD  and  may  have  an  adverse  effect  on  both 
mortality  and  morbidity,  and  since  studies  to  date  have  not 
shown  conclusive  evidence  of  benefit  from  treatment  of 
NOD  in  COPD  patients  who  are  not  hypoxemic  while 
awake,  controlled  studies  are  still  needed  and  offer  an 
excellent  opportunity  for  future  multicenter  prospective 
investigation. 
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Fig.  2.  Evolution  of  supine  mean  pulmonary  artery  pressure  at  0, 

18,  and  36  months  In  51  patients  with  moderate  to  severe  chronic 
obstructive  pulmonary  disease  who  did  not  have  hypoxemia  while 
awake.  The  solid  line  represents  patients  (n  =  13)  without  noctur- 
nal oxyhemoglobin  desaturation  (nondesaturators)  who  were  un- 
treated (controls).  The  dotted  line  represents  patients  (n  =  19)  with 
nocturnal  oxyhemoglobin  desaturation  who  were  treated  with  noc- 
turnal supplemental  oxygen  and  had  a  3.7  mm  Hg  reduction  in 
pulmonary  artery  pressure.  The  dashed  line  represents  patients 
(n  =  19)  with  NOD  who  received  nocturnal  compressed  air  and 
had  a  3.9  mm  Hg  increase  in  pulmonary  artery  pressure.  The  dif- 
ference in  pulmonary  artery  pressure  between  the  sham-treated 
and  oxygen-treated  groups  is  significant,  at  p  <  0.02.  F,q^  =  frac- 
tion of  inspired  oxygen.  (From  Reference  1 4,  with  permission.) 


Summary 

NOD  is  a  common  event  in  patients  with  symptomatic 
COPD  who  are  not  hypoxemic  while  awake.  Up  to  45%  of 
these  patients  may  have  significant  oxyhemoglobin  de- 
saturation  during  sleep,  and  most  have  evidence  of  pul- 
monary arterial  hypertension.  Although  intuitively  it  would 
seem  that  supplemental  oxygen  during  sleep  should  be  of 
medical  benefit  in  COPD  patients  with  NOD,  studies  to 
date  have  not  substantiated  this  idea.  Medicare  require- 
ments for  prescribing  nocturnal  oxygen  are  relatively  lib- 
eral and  there  is  the  possibility  of  misuse,  which  would 
cause  a  substantial  increase  in  the  cost  of  home  health 
care.  A  well  designed  multicenter  study  is  needed  to  pro- 
vide appropriate  indications  and  guidelines  for  therapy  in 
these  patients. 
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Discussion 

Zielinski:  I  am  a  member  of  the  Eu- 
ropean group  investigating  effects  of 
nocturnal  desaturation  on  pulmonary 
hemodynamics  and  survival.  We  in- 
vestigated' the  relationship  between 
pulmonary  function  data,  sleep-related 
desaturation,  and  daytime  pulmonary 
hemodynamics  in  a  group  of  94  COPD 
patients  not  qualifying  for  conven- 
tional oxygen  therapy  (daytime  arte- 
rial oxygen  tension  in  the  range  56-69 
mm  Hg).  At  entry,  patients  were  di- 
vided into  desaturators  and  nondesatu- 
rators.  Desaturators  were  those  who 
spent  S:  30%  of  the  overnight  pulse 
oximetry  recording  with  S^q,  <  90%. 
An  obstructive  sleep  apnea  syndrome 
was  excluded  by  polysomnography. 

Sixty-six  patients  were  desaturators 
(Group  1)  and  23  were  nondesatura- 
tors  (Group  2).  There  was  no  signifi- 
cant difference  between  the  groups 
with  regard  to  pulmonary  volume  or 
P^o,  (63  ±  4  vs  63  ±  3  mm  Hg),  but 
Paco,  w^**  higher  in  Group  1  (45  ±  5 
vs  40  ±  4  mm  Hg;  p  <  0.000 1 ).  Mean 
pulmonary  artery  pressure  was  very 
similar  in  the  two  groups  (19  ±  5  vs 
19  ±  4  mm  Hg).  No  individual  vari- 
able or  combination  of  variables  could 
predict  the  presence  of  pulmonary  hy- 
pertension in  an  individual  patient. 

Next,  we  randomly  divided  patients 
with  nocturnal  desaturation  into  noc- 
turnal oxygen  treatment  (NOT)  and 
control  groups.  Both  groups  were  ob- 
served for  (mean)  39  months.  Five  of 
the  31  patients  receiving  NOT  and  6 
of  the  25  control  patients  died.  Differ- 
ence in  mortality  was  not  significant. 
After  two  years  of  observation ,  the  pu  1  - 
monary  hemodynamics  study  was  re- 
peated. The  change  in  mean  pulmo- 
nary artery  pressure  in  NOT  patients 
was  -H  1.1  ±  4.2  mm  Hg  vs  +1.8  ± 
4. 1  in  controls  (not  significant).  Those 
preliminary  results  suggest  that  NOT 
does  not  prolong  survival  in  patients  with 
moderate  hypoxemia  and  does  not  de- 
crease pulmonary  arterial  pressure.^ 
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O'Donohue:  So  the  bottom  line  is 
it's  very  easy  to  put  nocturnal  desatu- 
ration patients  on  oxygen  therapy  in 
the  United  States.  All  you  have  to  do 
is  demonstrate  that  at  any  time  during 
sleep  the  saturation  is  88%  or  less. 
But  there  is  very  little  definitive  evi- 
dence of  benefit  from  any  studies  done 
either  here  or  in  Europe. 

Pierson:  Walter.  I  have  a  question 
about  logistics  and  money.  You  gave 
us  indications  for  reasonably  select- 
ing patients  with  NOD  who  would  per- 
haps be  treated  with  oxygen  therapy. 
If  your  figure  of  14  million  COPD 
patients  in  the  United  States  is  cor- 
rect, and  even  allowing  that  all  one 
million  people  on  home  oxygen  that 
Tom  (Petty)  tells  us  about  are  desatu- 
rated  during  the  day,  that  still  leaves 
13  million  people  who  might  poten- 
tially be  candidates  for  NOD  and  who 
would  thus  need  a  sleep  study. 

O'Donohue:  Today,  obviously,  you 
don't  have  to  do  a  sleep  study  except 
for  a  saturation  measurement  in  order 
to  qualify  for  nocturnal  oxygen  in  the 
United  States.  But  based  on  the  data 
that  we've  presented,  in  order  to  doc- 
ument changes  during  REM  sleep, 
there's  no  question  that  you  would 
have  to  have  a  formal  sleep  study. 

Maclntyre:  Do  you  test  all  COPD 
patients  for  nocturnal  SpQ  ,  and  if  not, 
who  do  you  lest?  If  you  find  someone 
who  desaturates,  do  you  evaluate  the 
right  heart  before  prescribing  noctur- 
nal oxygen? 


O'Donohue:  First  of  all,  if  a  pa- 
tient is  not  hypoxemic  while  awake, 
I  would  not  do  anything  unless  I  had 
evidence  of  tissue  hypoxia  that  I 
couldn't  explain,  for  instance  (and 
we  see  this  not  too  infrequently)  if  a 
COPD  patient  is  found  to  have  evi- 
dence of  right-sided  heart  failure 
with  edema  or  an  elevated  hemato- 
crit and  his  or  her  awake  Pq,  is  60 
mm  Hg  or  above.  In  these  patients,  I 
would  look  for  nocturnal  desatura- 
tion. But  most  of  these  patients  will 
not  have  NOD  as  we've  defined  it; 
rather  they  will  have  other,  more  se- 
vere sleep  disturbances.  Often  they 
will  have  obstructive  sleep  apnea. 

Maclntyre:  So  you  start  with  the 
symptoms  and  then  do  the  sleep  study 
as  opposed  to  the  other  way  around. 

O'Donohue:  Yes,  1  would  not  mon- 
itor every  COPD  patient  whose  P.,o, 
is  above  60  mm  Hg  to  see  whether 
they  desaturated  at  night,  because  I 
wouldn't  know  what  to  do  with  that 
finding  alone,  anyway.  I  would  not 
start  them  on  oxygen  therapy  unless 
they  had  signs  of  tissue  hypoxia,  and 
then  the  concern  is  that  it  may  not  be 
NOD  alone  that  is  causing  nocturnal 
desaturation.  It's  possibly  a  more  se- 
vere sleep  disturbance. 

Zielinski:  1  completely  agree  that 
we  should  look  at  symptoms  first  and 
then  do  the  sleep  study.  In  the  study  I 
was  talking  about,  the  only  functional 
variable  that  could  predict,  in  a  way, 
the  nocturnal  desaturation  was  hyper- 
capnia.  So  if  the  patient  with  P.,,,,  alxjve 
60  mm  Hg  has  hypercapnia,  perhaps  in 
this  patient  we  should  perform  at  least 
pulse  oximetry  during  the  night. 

O'Donohue:  1  would  agree,  but  I 
would  also  add  that  most  of  my  COPD 
patients  who  are  hypercapnic  are  also 
hypoxemic  during  the  day,  so  the  two 
tend  to  go  together.  It's  very  rare  that 
1  see  a  COPD  patient  who  has  signif- 
icant hypercapnia  but  is  not  also  hy- 
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poxemic  breathing  room  air  when 
awake. 

Ronda  Bradley:*  When  you  test 
symptomatic  patients,  those  with  an 
increased  hematocrit  or  the  evidence 
of  right-heart  failure,  do  you  typically 
go  directly  to  a  full  polysomnography 
or  would  you  do  an  overnight  oxim- 
etry sleep  study  first? 

O'Donohue:  My  co-author  would 
probably  disagree  with  me  because  of 
her  interest  in  sleep  studies.  We  fre- 
quently do  a  nocturnal  trend-ox  study, 
and  if  we  find  that  the  patient  desatu- 
rates,  supplemental  oxygen  is  admin- 
istered to  see  whether  the  desaturation 
is  corrected  by  oxygen  alone.  Clearly, 
if  it's  not  corrected  with  oxygen  alone, 
the  patient  needs  a  formal  sleep  study. 
My  co-author  would  say  that  all  of 
these  patients  should  probably  have  a 
sleep  study. 

Pierson:  I  want  to  ask  Walter  and 
the  group  a  question  that  I  don't  think 
is  going  to  come  up  in  other  contexts. 
The  question  is  about  polycythemia.  I 
talked  about  chronic  mountain  sick- 
ness, the  hallmark  of  which  is  pro- 
found polycythemia  and,  as  I  said, 
these  people — for  whom  chronic  hyp- 
oxia is  the  mechanism  of  their  disease 
after  all — have  hematocrits  always  up 
in  the  60s  and  often  way  up  into  the 
70s.  It  seems  to  me  that  polycythemia 
(or  erythrocytosis)  is  a  very  prominent 
part  of  cor  pulmonale  in  the  past,  but  it 
doesn't  seem  like  we  see  it  very  much 
anymore.  Why  do  you  think  that  is? 

O'Donohue:  I  think,  first  of  all,  that 
many  of  these  people  have  multisys- 
tem disease  that  keeps  their  red  blood 
cell  mass  reduced,  or  they  may  have  a 
relative  anemia  of  chronic  disease.  But 
I  also  think  that  more  and  more  of  the 
hypoxemic  patients  are  receiving  ox- 
ygen therapy  earlier  and  never  develop 
polycythemia  (or  erythrocythemia). 
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Also,  there  is  one  other  interesting  phe- 
nomenon observed  in  transtracheal  ox- 
ygen studies.  In  the  Denver  COPD  pa- 
tients (more  so  than  in  our  patients, 
who  live  close  to  sea  level),  there  were 
a  number  of  patients  who  had  been 
receiving  nasal  oxygen  for  more  than 
2  years  who  still  had  elevated  hema- 
tocrits. '  When  they  received  transtra- 
cheal oxygen,  the  hematocrits  fell.  So 
even  with  "usual"  oxygen  therapy 
there  are  some  patients  who  have 
enough  hypoxemia  (that  is  5  or  6  hours 
daily  that  they're  not  using  the  oxy- 
gen) to  maintain  the  elevated  erythro- 
cytosis in  Denver.  With  continuous  ox- 
ygen therapy  by  transtracheal  catheter 
this  can  be  corrected.  I  would  agree 
with  Dave  (Pierson);  particularly  at  or 
near  sea  level  I  see  very  few  people 
who  have  erythrocytosis. 
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Pierson:  Of  all  the  COPD  patients  I 
have,  all  of  whom  I  try  to  get  to  use 
their  oxygen  and  so  forth,  I  don't  think 
any  one  of  them  has  a  hematocrit  over 
55  in  my  practice. 

Wedzicha:  That  is  very  interesting. 
This  is  exactly  the  same  observation 
we  found  in  the  United  Kingdom.  I 
think  there  are  a  few  factors.  I  don't 
know  whether  you've  got  the  same 
observations,  but  we're  seeing  less 
blue  and  bloated  patients;  they're  more 
in  the  pink  and  puffing  range.  These 
are  the  people  who  didn't  have  poly- 
cythemia before.  The  other  factor,  I 
think,  is  smoking.  I  think  there's  much 
less  cigarette  smoking  going  on  in 
these  people.  They're  more  encour- 
aged to  stop,  for  safety  reasons.  Smok- 
ing was  a  very  important  determinant  of 
erythropoietin  and,  thus,  polycythemia. 

Pierson:  I  have  a  theory  about  this. 
Maybe  we  don't  see  much  secondary 
polycythemia  in  our  hypoxic  COPD 


patients  because  we  prevent  it  with 
theophylline.  A  study  in  the  A^^h' 
England  Journal  of  Medicine  several 
years  ago  showed  that  theophylline  sup- 
pressed erythropoietin  production  in 
post-renal  transplant  with  erythrocyto- 
sis as  well  as  in  normals,'  and  a  later 
study  showed  that  erythrocytosis  could 
be  reversed  with  theophylline  in  many 
post-renal  transplant  patients.^  It  was 
also  shown  recently  that  COPD  patients 
on  theophylline  had  lower  hematocrits 
than  those  who  were  not  taking  the  drug.' 
I  wonder  if,  because  of  the  almost  uni- 
versal use  of  theophylline  in  COPD,  at 
least  until  recently  in  the  United  States, 
we  didn't  prevent  polycythemia  by  that 
mechanism. 
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Zielinski :  There  may  be  another  fac- 
tor involved.  There  were  studies  done 
on  erythropoietin  release  during  sleep 
in  hypoxemic  patients.  The  hypoxemia 
should  last  more  than  two  hours  with 
P^Q^  <  60  mm  Hg  in  one  run  to  trig- 
ger erythropoietin  release.' 
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O'Donohue:  I  think  that  helps  make 
the  point  that  in  COPD  patients  with 
NOD  who  are  not  hypoxic  while  awake, 
you're  not  likely  to  see  erythrocytosis, 
because  they  don't  have  severe  and  pro- 
longed hypoxemia  during  sleep. 
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Introduction:  The  Normal  Exercise  Response 

The  normal  cardiorespiratory  response  to  exercise  is 
summarized  in  Figure  1 .  As  can  be  seen,  when  work  load 
is  incrementally  increased,  the  cardiorespiratory  system  is 
called  upon  to  deliver  increasingly  higher  amounts  of  ox- 
ygen and  to  clear  increasingly  higher  amounts  of  carbon 
dioxide.' '  In  the  early  stages  of  exercise,  aerobic  metab- 
olism predominates  and  the  relationship  of  carbon  dioxide 
production  (V(^.„ )  to  oxygen  consumption  (Vq,)  (the  re- 
spiratory quotient  [RQ]  value)  is  roughly  0.8.  At  higher 
levels  of  exercise,  oxygen  delivery  is  no  longer  adequate 
to  aerobically  meet  metabolic  demands  and  anaerobic  me- 
tabolism begins  to  develop  within  exercising  muscle  cells. 
The  resulting  lactic  acid  production  increases  V^q  rela- 
tive to  Vo,  such  that  RQ  rises  above  1.0. 

Since  oxygen  delivery  is  the  product  of  cardiac  output 
and  arterial  blood  oxygen  content,  it  is  readily  apparent 
that  the  heart  and  the  lungs  must  work  in  concert  to  meet 
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these  metabolic  demands.  The  cardiovascular  system  re- 
sponds with  increasing  cardiac  output,  initially  by  an  in- 
crease in  stroke  volume  and  then  by  an  increase  in  heart 
rate.'-  Indeed,  it  is  the  cardiovascular  component  of  oxy- 
gen delivery  that  limits  exercise  in  normal  human  beings. 
The  normal  cardiovascular  response  is  a  5-fold  increase  in 
cardiac  output,  which  is  accomplished  by  a  near-doubling 
of  the  stroke  volume  and  an  increase  of  heart  rate  to  ap- 
proximately 220  minus  the  subject's  age. 

The  ventilatory  system  has  more  reserve  than  the  car- 
diovascular system  and  is  thus  not  the  rate-limiting  step  to 
exercise  and  oxygen  delivery  in  a  normal  situation.  Spe- 
cifically, alveolar  ventilation  can  increase  almost  20-fold, 
and  this  is  more  than  enough  to  meet  oxygen  and  carbon 
dioxide  transport  demands  during  the  most  strenuous  ex- 
ercise.'- Like  the  heart,  the  ventilatory  response  is  initially 
an  increase  in  tidal  volume,  followed  by  an  increase  in 
ventilatory  rate.  The  normal  ventilatory  limit  at  maximum 
exercise  is  on  the  order  of  60-70%  of  the  15-second  max- 
imum voluntary  ventilation. '-^ 

The  ventilatory  response  is  determined  primarily  by  pH. 
This  produces  a  two-phased  ventilatory  respon.se  to  exer- 
cise: an  initial  rise  in  exercise  ventilation  determined  by 
the  need  to  clear  carbon  dioxide  from  aerobic  metabolism, 
and,  later,  a  second,  more  rapid  rise  in  exercise  ventilation 
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Fig.  1 .  Schematic  representation  of  the  normal  response  to  exercise.  The  horizontal  axis  for  all  panels  is  work  load.  The  first  panel  shows 
oxygen  consumption  (Vqj),  which  rises  linearly  to  a  predicted  maximum.  The  second  panel  shows  exercise  ventilation  (Vg),  which  rises  to 
match  carbon  dioxide  production  {VC02)  and  maintain  pH  homeostasis.  When  anaerobic  metabolism  increases  the  rate  of  rise  of  V^oj,  the 
Ve  rate  of  rise  also  increases.  This  change  in  the  Ve  slope  is  termed  the  "anaerobic  threshold"  (arrow).  Note  that  V^  does  not  reach  the 
maximum  voluntary  ventilation  (MW)  under  normal  circumstances.  The  third  panel  shows  exercise  arterial  partial  pressure  of  oxygen  (PaOj)- 
Because  V/Q  relationships  remain  near  unity  throughout  normal  exercise,  PgOj  remains  constant.  The  fourth  panel  is  heart  rate.  As  exercise 
Increases,  the  cardiovascular  system  responds  with  increases  in  stroke  volume  and  heart  rate.  Indeed,  it  is  the  cardiovascular  system 
reaching  its  maximum  (reflected  by  reaching  maximum  predicted  heart  rate)  that  limits  exercise  In  normal  subjects. 


to  clear  the  additional  carbon  dioxide  from  anaerobic  me- 
tabolism. This  changeover  from  the  first  phase  to  the  sec- 
ond phase  can  be  appreciated  from  inspection  of  the  ven- 
tilation response  to  exercise,  and  is  termed  the  "anaerobic 
threshold"  (see  arrow  in  Fig.  1).'-^ 

Gas  exchange  is  well  maintained  during  exercise  in  nor- 
mal subjects.  This  is  because  ventilation-perfusion  (V/Q) 
relationships  remain  near  unity  even  under  heavy  exercise 
conditions.'  The  increased  perfusion,  however,  increases 
the  speed  with  which  the  red  cells  pass  through  the  cap- 
illaries.-* Hemoglobin  exposure  to  alveolar  gas  (transit  time) 
thus  drops  from  approximately  one  second  to  less  than  half 
a  second  at  high  levels  of  exercise.  This  reduced  transit 
time,  however,  is  not  enough  to  impact  oxygen  and  carbon 
dioxide  transfer  in  the  setting  of  a  normal  alveolar-capil- 
lary interface.  The  net  effect  of  normal  V/Q  matching  and 
adequate  alveolar-capillary  transport  is  that  the  arterial  par- 
tial pressure  of  oxygen  thus  remains  normal  throughout 
exercise  in  a  normal  situation. 

Can  Supplemental  Oxygen  Improve  Exercise 
Performance  in  the  Normal  Human  Being? 

Since  the  early  1900s  there  have  been  a  number  of 
anecdotes  reporting  that  supplemental  oxygen  improves 
exercise  performance.'^''  Indeed,  a  famous  runner.  Roger 
Bannister,  in  1953  wrote  an  extensive  report  saying  that 
supplemental  oxygen  improved  endurance  in  athletes.^ 
Many  of  the  early  experiments,  however,  were  not  blinded 
or  randomized.  In  1952  Miller  made  the  observation  that  if 
the  subject  was  told  the  breathing  gas  was  supplemental 
oxygen  (even  though  it  was  room  air),  the  subject's  exer- 
cise performance  improved.** 

More  carefully  done  studies  in  the  latter  half  of  the  20th 
century,  however,  do  suggest  that  hyperoxia  can  improve 


maximal  oxygen  consumption  to  a  small  degree  (general- 
ly <  10%).**  Attempts  have  been  made  to  separate  the 
effects  of  cardiac  output  and  oxygen  content  in  these  ob- 
servations. In  general,  the  weight  of  evidence  is  that  hy- 
peroxia has  little  if  any  effect  on  cardiac  output  at  maximal 
exercise.  In  contrast,  however,  hyperoxia  can  be  shown  to 
improve  oxygen  content,  primarily  through  increases  in 
dissolved  oxygen  in  plasma  (again  generally  <  10%).'' 
Interestingly,  despite  small  increases  in  oxygen  delivery, 
hyperoxia  seems  to  cause  a  decrease  in  regional  blood 
flow  to  exercising  muscles. '°  The  net  effect,  then,  is  that 
regional  oxygen  delivery  to  exercising  muscles  during  sup- 
plemental oxygen  is  probably  negligible. 

Another  explanation  for  an  increase  in  exercise  capacity 
during  hyperoxia  involves  cellular  metabolism.^  A  number 
of  studies  have  shown  that  under  similar  exercise  loads, 
hyperoxia  reduces  lactate  production.^'  '•'-  Hyperoxia  also 
reduces  RQ,  resulting  in  less  carbon  dioxide  production.^" 
Possible  mechanisms  for  these  changes  include  hyperoxia- 
induced  fatty  acid  metabolism,  hyperoxia-induced  prolon- 
gation of  aerobic  metabolism,  and  hyperoxia-induced  re- 
spiratory acidosis  (see  below)  reducing  lactate  production. 

A  consistent  observation  in  many  studies  is  that  exercise 
under  hyperoxic  condition  reduces  the  minute  ventilation 
at  a  given  level  of  exercise  (Fig.  2).*^  This  results  in  a  mild 
respiratory  acidosis  at  any  given  level  of  exercise,  com- 
pared to  that  which  would  be  seen  on  room  air.  The  reason 
for  this  suppression  of  the  ventilatory  response  is  not  clear 
but  probably  relates  to  a  depression  of  the  partial  pressure 
of  oxygen  (Pq,)  related  respiratory  drive  in  the  carotid 
bodies. '^  Indeed,  this  is  comparable  to  the  prolongation  of 
breath-holding  that  can  be  achieved  with  supplemental  ox- 
ygen breathing.  The  resulting  mild  respiratory  acidosis 
(permissive  hypercapnia)  may  have  several  effects  that 
enhance  exercise  performance.  The  reduction  in  lactate 
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Fig.  2.  Mean  minute  ventilation  (V,  =  minute  ventilation)  as  a  func- 
tion of  exercise  duration  using  5  different  inspired  oxygen  con- 
centrations. Note  the  progressive  drop  in  exercise  ventilation  as 
higher  concentrations  of  oxygen  are  inspired.  (From  Reference  9, 
with  permission.) 


noted  above  may  in  fact  be  due  to  a  mild  buildup  of 
intracellular  acid.'-  An  additional  effect  of  this  ventilation 
reduction  is  that  ventilatory  muscle  work  and  resulting 
metabolic  demands  are  mildly  reduced.'-''' 

The  overall  conclusion,  then,  is  that  hyperoxic  gas  mix- 
tures seem  to  have  a  small  but  real  effect  on  exercise 
performance  in  normal  human  beings.  Interestingly,  how- 
ever, much  of  this  effect  is  related  to  the  development  of 
a  permissive  hypercapnia  through  suppression  of  oxygen- 
related  ventilatory  drive  and  has  little  to  do  with  increases 
in  actual  oxygen  delivery  to  the  tissues. 

Mechanisms  of  Exercise  Impairment  in  Lung  Disease 

Lung  disease  can  affect  the  exercise  response  through  a 
number  of  different  mechanisms.'-''  -'  These  are  summa- 
rized below. 

Lung  Disease  Results  in  Arterial  Hypoxemia 


ercise.  If  exercise  increases  shunt  flow,  profound  exercise 
hypoxemia  results.  In  contrast,  capillary  recruitment  away 
from  the  shunt  may  actually  improve  oxygenation  with 
exercise.  As  with  V/Q  mismatch,  shunting  in  COPD  is 
usually  not  an  important  mechanism  of  hypoxemia.  Fi- 
nally, the  transit  time  of  the  red  cell  through  the  alveolar 
capillary  is  shortened  during  exercise,  as  noted  above.  While 
this  is  not  an  important  issue  in  the  normal  lung,  in  an 
abnormal  lung  with  diffusion  abnormalities  this  reduced 
transit  time  may  result  in  worsening  hypoxemia.^ 

Ventilatory  Muscle  Overload  Increases  Arterial 
Carbon  Dioxide  Tension,  Resulting  in  Exercise- 
Limiting  Acidosis 

Most  lung  di.seases  impose  excessive  loads  on  ventila- 
tory muscles.  "'•-'*  These  loads  can  be  in  the  form  of  wors- 
ening compliance  from  parenchymal  disease  or  worsening 
airway  resistance  in  the  obstructive  diseases.  Under  these 
conditions,  ventilatory  mu.scles  can  become  overloaded  as 
they  try  to  meet  the  ventilatory  response  to  exercise,'---"'---'' 
and  this  overload  can  precipitate  muscle  fatigue  and  fail- 
ure, with  a  resulting  respiratory  acidosis.  Ventilatory  mus- 
cle overload  develops  quicker  in  the  presence  of  wasted 
ventilation,  especially  when  wasted  ventilation  increases 
with  exercise  (typical  of  pulmonary  vascular  disease).  Fi- 
nally, inadequate  oxygen  delivery  coupled  with  intrinsic 
muscle  dysfunction  from  disea.se  further  reduces  the  abil- 
ity of  the  ventilatory  muscles  to  properly  clear  carbon 
dioxide."*--'' 

An  additional  problem  in  the  obstructive  disease  patient 
is  the  development  of  an  inefficient  ventilatory  pattern 
with  exercise.-''  This  is  characterized  by  tachypnea  and  a 
shortened  expiratory  phase,  which  leads  to  air  trapping. 
This  air  trapping  in  turn  puts  the  inspiratory  muscles  in  a 
shorter  configuration  that  further  reduces  the  capacity  to 
perform  work. 

Impaired  Cardiovascular  Function  Impairs 
Oxygen  Delivery 


Hypoxemia  from  lung  disease  has  a  number  of  mecha- 
nisms.'^'**--' First,  impaired  ventilation  reduces  the  alve- 
olar Po .  This  can  be  made  worse  with  exercise  when 
ventilatory  muscles  become  overloaded  and  cannot  pro- 
vide appropriate  ventilation.  Most  lung  diseases  have  ab- 
normal V/Q  relationships  within  the  lung  as  a  major  cau.se 
of  hypoxemia.--  In  many  of  these  conditions,  these  V/Q 
mismatches  can  worsen  with  exercise.  Interestingly,  how- 
ever, this  may  not  be  the  case  in  chronic  obstructive  pul- 
monary disease  (COPD).-'  Lung  diseases  with  shunts  have 
hypoxemia  at  rest,  but  the  response  of  a  shunt  to  exercise 
depends  upon  the  blood  How  through  the  shunt  with  ex- 


Both  intrinsic  lung  disease  and  chronic  hypoxemia  re- 
sult in  pulmonary  va.scular  abnormalities.-''--"  These  in 
turn  produce  pulmonary  hypertension  that  overloads  the 
right  ventricle.  This  impaired  myocardium  has  less  capa- 
bility of  meeting  oxygen  delivery  demands,  especially  un- 
der exercise  conditions.  Compounding  this  can  be  dys- 
rhythmias, which  can  develop  in  the  face  of  hypoxemia 
and  acidosis.  Finally,  deconditioning  of  the  entire  cardio- 
vascular system  can  occur  in  patients  who  have  chronic 
lung  disease  (CLD)  and  decreased  activity.  Simply  put, 
patients  "decondition  themselves  down  to  their  level  of 
dyspnea." 
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Fig.  3.  Response  of  exercise  hypoxemia  to  oxygen  supplementa- 
tion in  9  COPD  patients.  CA  =  compressed  air.  Pao^  =  arterial 
oxygen  tension.  (From  Reference  32,  with  permission.) 


Other  Factors 

Patients  with  CLD  often  have  a  number  of  nutritional 
disturbances  that  can  further  impair  exercise  performance. '  ^ 
These  patients  can  also  have  coexisting  diseases,  such  as 
heart  disease  and  peripheral  vascular  disease,  which  can 
impact  exercise  performance.'^  Psychological  factors  can 
also  impair  the  exercise  response,  particularly  in  CLD  pa- 
tients with  significant  anxiety  or  depression.  Finally,  the 
p)erception  of  dyspnea  resulting  from  abnormal  thoracic 
stretch  receptors,  irritant  receptors,  and/or  blood  gas  re- 
ceptors may  also  limit  a  patient's  ability  to  exercise. '^•^° 

Can  Supplemental  Oxygen  Improve  Exercise 
Performance  in  Lung  Disease? 

In  considering  the  causes  of  exercise  impairment  in  CLD 
noted  above,  oxygen  supplementation  can  conceivably  im- 
prove performance  in  a  number  of  ways. '  ^■^^■^^■^'^M-^f,  First, 
if  exercise  hypoxemia  occurs,  supplemental  oxygen  can 
reverse  this.  Second,  ventilatory  muscle  loads  in  ventila- 
tory muscle  function  might  be  improved  through  several 
different  mechanisms  discussed  below.  Third,  pulmonary 
va.soconstriction  and  dysrhythmias  secondary  to  hypox- 
emia plus  right  heart  dysfunction  may  be  reduced  to  pro- 
vide better  cardiovascular  function.  Fourth,  subjective  dys- 
pnea caused  by  hypoxemia-related  receptors  might  be 
blunted.  Each  of  these  will  be  discussed  separately. 

Supplemental  oxygen  can  clearly  reverse  hypoxemia  that 
occurs  with  exercise  in  CLD  (Fig.  3).'-  To  the  extent  that 
hypoxemia  impairs  oxygen  delivery  during  exercise  in  these 
patients,  supplemental  oxygen  should  be  expected  to  im- 
prove performance.  Indeed,  numerous  studies  in  patients 
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Fig.  4.  Duration  of  exercise  while  breathing  compressed  air  (CA) 
versus  40%  oxygen  in  11  COPD  patients.  The  arterial  oxygen 
tension  or  arterial  oxygen  saturation  at  maximum  exercise  while 
breathing  CA  is  listed  for  all  patients.  Note  that  exercise  improve- 
ment occurred  in  1 0  patients  while  breathing  oxygen,  regardless 
of  whether  or  not  they  had  exercise  hypoxemia  during  CA  breath- 
ing. (From  Reference  33,  with  permission.) 


with  exercise  hypoxemia  have  found  improved  perfor- 
mance when  the  exercise  hypoxemia  was  prevented.-^'  •" 

A  number  of  studies  have  quite  clearly  shown,  however, 
that  CLD  patients  who  do  not  have  exercise  desaturation 
may  also  benefit  from  oxygen  supplementation  during  ex- 
ercise testing  (Fig.  4).""  The  effects  of  supplemental  oxy- 
gen on  exercise  ventilation  may  provide  some  of  the  ex- 
planation for  this.  First,  Libby  et  af**  have  shown  that  in 
some  patients  with  obstructive  lung  disease,  supplemental 
oxygen  reverses  hypoxia-induced  bronchoconstriction. 
This  in  turn  can  reduce  some  of  the  ventilatory  muscle 
loads  imposed  during  exercise.  Perhaps  more  importantly, 
supplemental  oxygen  reduces  the  ventilation  at  a  given 
level  of  exercise  (Fig.  5).^-  Note  that  this  occurs  even  if 
severe  hypoxemia  is  not  present,  and  resembles  what  is 
observed  in  normal  subjects  (see  Fig.  2).  Similar  to  normal 
subjects,  this  reduced  ventilation  and  permissive  hyper- 
capnia  may  have  beneficial  effects  on  cellular  metabolism 
as  well  as  lowering  ventilatory  muscle  work  require- 
ments."'- Perhaps  more  important  in  the  obstructive  dis- 
ease population,  however,  is  the  fact  that  the  reduced  ven- 
tilation is  also  accompanied  by  a  prolongation  of  the 
expiratory  phase. ^^-^s  Jhis  reduces  the  development  of  air 
trapping,  thereby  preventing  extra  loading  on  the  ventila- 
tory muscles.  Ventilatory  muscle  function  may  also  be 
improved  and  fatigue  forestalled  if  oxygen  delivery  to  them 
can  be  improved  with  supplemental  oxygen. 

If  right  heart  dysfunction  is  present  in  patients  with 
CLD,  exercise  may  be  impaired.  Adding  supplemental  ox- 
ygen has  been  shown  to  benefit  right  heart  function  in 
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Minutes  of  Exercise 

Fig.  5.  Ventilation  during  increasing  levels  of  exercise  in  COPD 
patients  breathing  compressed  air  (CA)  or  supplemental  oxygen 
(O2).  Exercising  with  supplemental  oxygen  significantly  reduced 
the  ventilation.  V^  =  expired  volume  per  minute.  (From  Reference 
32,  with  permission.) 
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Fig.  6.  Right  ventricular  (RV)  ejection  fraction  during  rest  and  ex- 
ercise while  breathing  room  air  (left  panel)  and  oxygen  (right  panel) 
in  patients  with  underlying  right  ventricular  dysfunction.  In  these 
patients  the  supplemental  oxygen  significantly  improved  the  ex- 
ercise response  of  the  right  ventricle.  (From  Reference  29,  with 
permission). 


those  patients  in  whom  right  heart  dysfunction  is  present 
(Fig.  6).29 

Finally,  the  reduction  in  dyspnea  resulting  from  supple- 
mental oxygen  may  improve  exercise  duration,^'  (Fig.  7) 
although  this  is  a  controversial  point."  As  noted  above, 
the  mechanisms  underlying  this  in  the  nonhypoxemic  pa- 


tient are  unclear  but  may  be  related  to  attenuation  of  Pq,- 
related  carotid  body  activity.""* 

Can  Long-Term  Supplemental  Oxygen  Affect 

Long-Term  Exercise  Performance  in  Chronic 

Lung  Disease  Patients? 

Given  that  supplemental  oxygen  in  CLD  patients  can 
improve  exercise  performance  as  measured  by  exercise 
tests,  two  important  questions  follow.  First,  does  long- 
term  use  of  oxygen  benefit  patients  who  have  only  exer- 
cise hypoxemia?  Second,  can  long-term  use  of  oxygen  as 
part  of  a  rehabilitation  program  benefit  long-term  exercise 
performance? 

The  first  question  was  recently  addressed  by  McDonald 
et  al,39  who  studied  COPD  patients  who  did  not  have 
resting  hypoxemia  but  did  have  exercise  hypoxemia.  Six 
weeks  of  oxygen  use  in  these  patients  offered  small  (but 
significant)  benefits  in  terms  of  6-minute  walk  test  and 
quality-of-life  score,  but  not  in  dyspnea  score  or  exercise 
testing.  Exercise  training  was  not  a  part  of  this  study. 

The  second  question  was  recently  addressed  in  an  in- 
teresting study  by  Kramer  et  al.-*"  This  group  studied  COPD 
patients  normally  living  in  Jerusalem  during  rehabilitation 
at  the  Dead  Sea.  This  environment  change  caused  an  in- 
crease of  approximately  104  mm  Hg  barometric  pressure 
and  was  equivalent  to  an  additional  22  mm  Hg  inspired 
Pq,.  Interestingly,  this  rehabilitation  program  seemed  to 
offer  benefit  that  persisted  even  upon  return  to  sea  level 
(Fig.  8).  Others  have  also  suggested  that  supplemental 
oxygen  can  facilitate  exercise  training  in  hypoxemic  COPD 
patients.-*  I  ■''i 

In  our  own  rehabilitation  program  we  have  the  oppor- 
tunity to  categorize  obstructive  lung  disease  patients  dur- 
ing exercise  as  being  impaired  by  one  or  more  of  three 
factors:  gas  exchange  impaired  (arterial  oxygen  saturation 
measured  via  puLse  oximetry  Spo,  during  exercise  <  88% 
or  Pq,  <  60  mm  Hg),  ventilation  impaired  (exercise  ven- 
tilation >  80%  of  the  measured  maximum  voluntary  ven- 
tilation), or  cardiovascular  impaired  (maximum  exercise 
heart  rate  >  80%  of  predicted).  In  obstructive  lung  disease 
patients  who  are  only  cardiovascular-limited  (ie,  not  ven- 
tilation-limited or  gas  exchange-limited),  a  20-session  ex- 
ercise program  clearly  improved  the  Vq,  and  walking  per- 
formance (Table  1 ,  cardiovascular  group).  In  contrast,  the 
response  to  this  program  in  patients  with  gas  exchange 
limitations  is  much  less  impressive  (see  Table  I,  gas  ex- 
change groups).  As  can  be  seen  in  Table  1 ,  there  are  con- 
sistent trends  toward  improvement  in  these  patients  when 
they  undergo  exercise  training  with  supplemental  oxygen, 
but  these  differences  are  small  and  in  many  cases  not 
significantly  different  than  ba.seline.  Thus,  the  role  of  ox- 
ygen and  conditioning  in  COPD  patients  remains  unclear 
and  is  a  topic  for  future  research. 
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Fig.  7.  Exercise  duration  (left  panel),  dyspnea  perception  at  2  minutes  of  exercise  (middle  panel)  (VAS  =  visual  analogue  scale),  and 
hemoglobin  saturation  with  oxygen  (right  panel)  in  hypoxemic  lung  disease  patients  exercising  while  breathing  room  air  (Air)  and  3  different 
supplemental  oxygen  flows  (2,  4,  and  6  LVmin).  Note  that  exercise  hypoxemia  was  eliminated  by  oxygen  at  2  17min  and  that  exercise 
tolerance  and  dyspnea  both  improved  with  this.  Note  also  that  further  increases  in  supplemental  oxygen  further  increased  exercise 
tolerance  and  reduced  dyspnea.  (From  Reference  31,  with  permission.) 
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Table  1 .      Mean  Changes  in  Exercise  Performance  in  COPD  Patients 
after  20  Rehabilitation  Sessions 


Jer-1      DS1        DS2      Jer-2 


Fig.  8.  Improvement  in  exercise  performance  after  training  hypox- 
emic COPD  patients  in  a  relatively  hyperbaric  environment  (Dead 
Sea).  Exercise  performance  is  measured  by  the  6-minute  walk  test 
(vertical  axis).  Jer-1  represents  baseline  measurements  at  800  m 
above  sea  level  (Jerusalem).  DS1  and  DS2  represent  measure- 
ments at  the  beginning  and  end  of  training  at  the  Dead  Sea  (400  m 
below  sea  level),  respectively.  Note  the  conditioning  effect  after 
training  and  the  persistent  improvement  even  upon  return  to  Jerusa- 
lem (Jer-2).  (From  Reference  40,  with  permission.) 


Summary 

Lung  disease  affects  exercise  performance  through  a 
number  of  mechanisms,  including  hypoxemia,  abnormal 
ventilatory  mechanics,  abnormal  ventilatory  muscles,  ab- 
normal ventilatory  patterns,  abnormal  right  heart  function 
and  subjective  dyspnea.  Supplemental  oxygen  improves 
hypoxemia  and  thus  improves  exercise  impairment  result- 
ing from  hypoxemia-related  reductions  in  oxygen  deliv- 
ery. Supplemental  oxygen  also  reduces  exercise  ventila- 
tion. This,  in  turn,  reduces  ventilatory  muscle  work,  and 
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the  concomitant  permissive  hypercapnia  may  have  bene- 
ficial effects  at  the  cellular  level.  Additionally,  in  obstruc- 
tive disease  patients,  an  improved  ventilatory  pattern  may 
reduce  air  trapping.  Supplemental  oxygen  may  also  im- 
prove right  ventricular  dysfunction  in  patients  with  under- 
lying right  ventricular  dysfunction.  Finally,  supplemental 
oxygen  may  reduce  dyspnea  caused  by  oxygen-related  ca- 
rotid body  activity. 

Important  questions  remain.  First,  is  long-term  oxygen 
use  of  benefit  in  patients  with  only  exercise  hypoxemia? 
Second,  is  exercise  conditioning  possible  in  patients  with 
exercise  hypoxemia?  Third,  does  supplemental  oxygen  en- 
hance exercise  conditioning  efforts  in  those  patients  with 
CLD  but  without  exercise  hypoxemia?  If  the  answer  to 
this  last  question  is  yes,  what  selection  criteria  should  be 
used  to  identify  those  who  would  benefit?  The  answers  to 
all  of  these  questions  will  have  enormous  impact  on  our 
approach  to  the  optimal  management  of  CLD  patients. 
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Discussion 

Stoller:  Neil,  one  of  the  things  you 
didn't  talic  about  is  the  ascertainment 
of  desaturation  during  exercise,  vis- 
a-vis pulse  oximetry  versus  arterial 
blood  gases.  Dean  (Hess)  showed  us 
Brian  Carlin's  data  about  the  assess- 
ment of  criteria  for  supplemental  ox- 
ygen at  rest,  arguing  that  pulse  oxim- 
etry, with  its  3-5%  variation  from 
arterial  oxygen  saturation  measured 
via  blood  gas  analysis,  can  be  mis- 
leading.' My  sense  is  that  this  is  even 
more  confounding  during  exercise.  I'd 
be  interested  in  your  thoughts  with  re- 
gard to  the  practical  question  of  a  nor- 
moxemic  patient  for  whom  you're  try- 
ing to  make  a  decision  about 
supplemental  oxygen  during  exercise. 
How  should  one  do  that?  How  should 
one  decide  whether  oxygen  desatura- 
tion is  occurring,  and  then  how  should 
one  decide  about  the  dose  of  supple- 
mental oxygen  to  provide  in  that  set- 
ting? 
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Maclntyre:  Well,  that's  a  very  im- 
portant point,  and  I  didn't  bring  my 
data  here  to  show  the  correlation  be- 
tween exercise  Spo,  and  P^q,-  ^^  have 
that  data.  It's  a  good  correlation,  but 
as  you  suggest,  and  as  Dean  clearly 
showed,  there  is  scatter  there.  Thus,  in 
my  laboratory,  in  my  rehabilitation 
program,  we  will  not  diagnose  exer- 
cise hypoxemia  unless  we  demonstrate 
it  with  an  arterial  blood  gas.  We  mea- 
sure arterial  blood  gases  and  Spo,  si- 
multaneously while  the  patient  exer- 
cises on  a  bicycle,  and  from  this  we 
get  the  correlation  between  those  two 
measurement  techniques  in  that  par- 
ticular patient,  and  use  that  to  guide 
oxygen  therapy  during  the  rehabilita- 
tion process,  using  just  pulse  oxime- 
try. So  it's  a  key  point  and  I  think 
there's  a  potential  for  over-  and  un- 


der-diagnosis  if  you  use  pulse  oxim- 
etry. In  the  National  Emphysema 
Treatment  Trial,  which  uses  exercise 
as  one  of  the  end  points,  there  are  two 
things  that  the  trial  does  that  I  found 
to  be  quite  interesting.  First,  they  do 
an  oxygen  titration  measurement  us- 
ing Spo,  with  exercise.  The  patient 
serves  as  his/her  own  control  and  it's 
an  end  point  in  the  study.  The  second 
exercise  end  point  that  we  have  in  the 
National  Emphysema  Treatment  Trial 
is  the  full  cardiopulmonary  exercise 
tests  with  all  patients  receiving  30% 
oxygen.  Exercise  hypoxemia  is  thus 
not  an  issue  with  this  test. 

Wedzicha:  Neil,  I  think  that  was 
the  most  clear  account  I  have  ever 
heard  of  exercise  hypoxemia.  Short- 
burst  oxygen  treatment  is  a  problem 
in  the  United  Kingdom.  All  that  means 
is  using  oxygen  cylinders  for  a  few 
puffs  for  a  few  minutes  here  and  there. 
There  is  a  lot  of  short-burst  oxygen 
used  in  the  United  Kingdom.  Although 
you  showed  us  elegantly  that  patients 
who  do  not  desaturate  during  exercise 
may  get  a  benefit,  I  think  there's  very 
little  evidence  that  the  occasional  use 
of  oxygen  before,  after,  or  at  recovery 
from  exercise  actually  has  much  ef- 
fect. 

Maclntyre:  You  are  speaking  of 
"pm  oxygen."  Walter  and  I  have  been 
sort  of  laughing  about  that  all  along 
during  this  conference.  It's  never  re- 
ally made  a  lot  of  sense  to  me.  It  seems 
to  me  it  ought  to  be  used  for  physio- 
logic reasons.  As  you  point  out,  how- 
ever, there  are  plenty  of  patients  who 
just  kind  of  puff  on  it  when  they  feel 
anxious  or  dyspneic.  Another  group  is 
the  athletes  who,  on  the  sidelines,  be- 
lieve that  a  whiff  or  two  of  oxygen 
from  time  to  time  is  a  good  idea.  I 
don't  know  how  well  it's  caught  on  in 
the  United  States,  but  in  Toronto,  Can- 
ada, they  have  oxygen  bars  where  you 
can  go  in  and  hook  yourself  up  to  a 
couple  liters  a  minute  and  socialize 
with  your  friends. 


Pierson:     They're  big  in  Japan,  too. 

Maclntyre:  One  study  I  did  not 
show  because  of  time  limitations 
looked  at  oxygen  during  exercise  re- 
covery in  COPD  patients.  Exercise  re- 
covery in  normals  is  probably  not  af- 
fected by  supplemental  oxygen,  but 
there  is  at  lea.st  one  study  I'm  aware 
of  where  the  sense  of  recovery  and  the 
return  to  a  baseline  of  subjective  mea- 
surements was  considerably  shortened 
with  the  use  of  oxygen  in  COPD.'  So 
perhaps  in  the  recovery  phase  of  ex- 
ercise there  may  be  some  benefit.  But 
I  would  agree  with  you  that  pm  oxy- 
gen doesn't  make  a  whole  lot  of  sense. 
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Wedzicha:  The  other  point  is  the 
use  of  oxygen  during  rehabilitation. 
Rooyackers  et  al  investigated  this.' 
The  problem  with  their  work  was  that 
the  patients  did  not  desaturate  on  ex- 
ercise. We  have  completed  a  study 
looking  at  the  use  of  supplemental  ox- 
ygen in  desaturators  during  an  8-week 
rehabilitation  program."  Patients  used 
oxygen  only  during  the  program  in 
hospital.  Our  results  showed  relatively 
little  benefit.  We  did,  however,  find  a 
decrease  in  dyspnea  in  the  oxygen- 
treated  rehabilitation  exercise-trained 
group. 
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Maclntyre:  But  they  were  not  de- 
saturators? 
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Wedzicha:  Everybody  was  a  desatu- 
rator  in  the  study. 

Maclntyre:  The  exercise-limiting 
factors  in  COPD  patients,  I  think,  are 
important  in  predicting  the  exercise 
response.  One  of  the  problems  with 
all  the  exercise  literature  in  COPD  is 
that  it  tends  to  group  all  COPD  pa- 
tients into  a  single  entity.  The  way 
we've  approached  it  in  our  program  is 
we  look  for  the  specific  factors  that 
limit  people.  Are  they  pure  desatura- 
tors?  Is  ventilatory  response  a  key  fac- 
tor? Is  cardiovascular  response  out  of 
whack?  Or  is  it  some  combination  of 
all  three  of  those?  I  think  in  trying  to 
sort  out  what  exercise  and/or  oxygen 
is  going  to  do,  it's  very  important  to 
categorize  what  the  major  limiting  fac- 
tors are  in  the  exercise  response.  To 
be  honest,  I'd  have  to  sit  down  for  a 
while  with  you  and  your  data  to  sort 
out  which  group  was  doing  what  to 
make  any  sense  out  of  it.  I  think  it  is 
a  very  complex  field.  All  COPD  pa- 
tients are  not  the  same  when  it  comes 
to  exercise  response. 


pie  with  other  types  of  disease  as  well, 
but  COPD  is  clearly  our  number 
one. It's  very  obvious  that  some  of 
these  folks  come  in  and  don't  need 
oxygen  at  rest,  but  do  desaturate  with 
exercise,  and  we  titrate  them.  Some 
come  with  oxygen  at  rest  and  get  worse 
with  exercise,  and  they  need  more  ox- 
ygen with  exercise.  But  there  are  some 
who  actually  improve  with  exercise 
and  may  not  need  as  much.  So  I  would 
agree  that  oxygen  administration  does 
require  individual  assessment — pa- 
tients shouldn't  all  be  treated  the  same 
way — and  dose  changes  with  exercise 
need  to  be  considered.  It  goes  back  to 
the  use  of  the  devices  Bob  described. 
Just  sort  of  grouping  everyone  at  2 
L/min  and  sending  them  on  their  way 
is  a  gross  oversimplification.  I  think 
there  are  dosing  and  device  consider- 
ations in  a  number  of  circumstances. 
One  of  the  pleas  of  this  conference 
should  be  that  reimbursement  rates  for 
proper  assessment  of  oxygen,  both  in 
terms  of  dosing  and  devices,  ought  to 
be  made  available,  so  that  the  right 
people  can  be  doing  this  sort  of  thing. 


desaturate  with  activities  of  daily  liv- 
ing .  Italian  investigators  have  shown 
that  a  6-minute  walk  test  does  not  cor- 
relate with  desaturation  with  activities 
of  daily  living.'  So,  basically,  when- 
ever a  patient  is  started  on  long-term 
oxygen  therapy,  I  have  the  patient  walk 
at  his  or  her  own  pace  and  determine 
(using  pulse  oximetry,  and  realizing 
its  limitations)  the  oxygen  flow  needed 
to  correct  the  hypoxemia.  For  most 
patients,  walking  at  their  own  pace  is 
typical  of  their  usual  activity  of  daily 
living.  This  is  particularly  important 
now  with  the  greater  use  of  oxygen 
conserving  devices.  The  differences 
between  the  oxygen  flow  at  rest  and 
the  flow  with  exercise  may  be  mag- 
nified with  those  devices.  Barry  Make 
and  associates  have  shown,  particu- 
larly with  transtracheal  oxygen,  reduc- 
tions in  inspiratory  minute  ventila- 
tion," and  Bartolome  Celli  et  al  have 
found  a  reduction  in  work  of  breath- 
ing.^ It  has  been  shown,  even  with 
nasal  oxygen,  that  at  higher  flows  there 
may  be  an  "insufflation  ventilation" 
effect.  Would  you  speak  to  that,  Neil? 


Greg  Spratt:*  From  the  data  that 
was  presented  earlier  by  Dr 
O'Donohue  and  from  what  you're  pre- 
senting here  on  exercise,  in  patients 
who  are  hypoxemic  at  rest,  oxygen 
needs  are  likely  to  increase  during 
sleep.  And,  if  I'm  understanding  your 
data  correctly,  increasing  oxygen  flow 
during  exercise  gives  better  results:  en- 
durance is  longer.  Yet,  in  practice,  the 
prescription  rarely  reflects  the  need  for 
increased  oxygen  usage  during  sleep 
and/or  exercise.  Do  you  feel  there  is  a 
need  to  put  more  emphasis  here?  Is 
that  important  to  address? 

Maclntyre:  I  think  you're  exactly 
right.  My  whole  outpatient  practice  re- 
ally revolves  around  taking  care  of 
these  folks  in  the  rehab  program.  We 
have  a  lot  of  COPD  patients,  and  peo- 
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Greg  Spratt:  Would  you  suggest 
that  a  way  to  do  that,  typically,  is  pulse 
oximetry,  titrate,  and  maintain  satura- 
tion above  90%  during  those  various 
times? 

Maclntyre:  We've  already  talked 
about  the  limitations  of  pulse  oxime- 
try, but  having  admitted  that  there  are 
limitations,  it's  still  not  a  bad  approx- 
imation of  what's  going  on.  We  could 
argue  about  whether  the  threshold 
should  be  90%  or  88%  or  86%,  but  I 
don't  think  it's  unreasonable  to  have  a 
careful  assessment  of  people  under  a 
variety  of  circumstances  to  set  up  their 
oxygen  titration  properly. 

O'Donohue:  To  that  point.  I  per- 
sonally do  not  start  any  patient  on  long- 
term  oxygen  therapy  without  titrating 
oxygen  flow  for  both  rest  and  exer- 
ci.se.  One  of  the  problems  with  exer- 
cise is  that  standard  exercise  tests  re- 
ally do  not  predict  whether  patients 
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Maclntyre:  I  knew  we'd  get  into 
mechanical  ventilation  here.  You're 
speaking  to  the  concept  of  tracheal  gas 
insufflation,  right?  The  principle  is  that 
during  and  at  the  end  of  the  expiratory 
phase,  the  dead  space  in  our  airways 
has  residual  gas  laden  with  carbon  di- 
oxide, and  the  idea  of  tracheal  gas  in- 
sufflation is  that  during  the  expiratory 
phase,  a  slow  flow  of  fresh  gas  (oxy- 
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gen)  blows  that  carbon  dioxide  out  of 
the  dead  space  so  that  the  next  inspi- 
ration has  less  carbon  dioxide  in  it. 
The  dead  space  has  been  effectively 
reduced.  In  mechanical  ventilation, 
there  are  a  number  of  techniques  to  do 
this — putting  catheters  down  at  the  tra- 
chea and  blowing  8-10  L/min  out  dur- 
ing  the   expiratory    phase.    What 


Walter's  speaking  to  is  that  the  same 
phenomenon  may  occur  from  a  nasal 
flow  of  gas,  or,  more  effectively,  prob- 
ably, from  a  transtracheal  flow  of  gas, 
where  you  put  continuous  flow  in. 
Then,  during  expiration,  it  washes  out 
the  dead  space.  You're  exactly  right, 
Walter:  a  mechanism  to  reduce  dead 
space  and  reduce  ventilatory  load 


would  be  to  wash  out  dead  space  with 
tracheal  gas  insufflation. 

O'Donohue:  Reducing  inspiratory 
minute  ventilation? 

Maclntyre:  Sure,  it  makes  ventila- 
tion more  effective  because  you've  re- 
duced dead  space. 
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Introduction 

In  the  1950s,  Alvan  Barach  became  a  champion  of  am- 
bulatory oxygen.'  He  developed  a  small  cylinder  for  com- 
pressed gas  for  ambulatory  oxygen,  illustrated  in  Figure  1. 
Figure  2  is  a  cartoon  designed  by  Barach.  This  illustration 
encourages  patients  to  get  going  and  to  walk  as  they  pur- 
sue the  adventures  of  life.  At  about  the  same  time.  Cotes 
reported  on  his  observations  in  ambulatory  oxygen.-  "The 
increased  exercise  ability  when  the  patient  is  breathing 
oxygen  is  probably  due  to  a  reduction  toward  the  normal 
levels  of  ventilatory  requirements  for  exercise,  as  a  result 
of  the  relief  of  anoxia."  It  was  Cotes' s  conclusion  that 
"Portable  oxygen  should  be  regarded  as  an  integral  part  of 
domiciliary  oxygen  therapy."^  At  the  time  of  that  writing, 
he  had  been  using  oxygen  successfully  in  4  patients  at 
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home.  Figure  3  shows  how  he  transfilled  a  small  high- 
pressure  cylinder  from  a  larger  tank.  Figure  4  shows  two 
lightweight,  high-pressure  cylinders  used  by  Cotes  in  his 
studies. 

In  the  early  Denver  study,  cited  in  the  "Historical  High- 
lights of  Long-Term  Oxygen  Therapy."  (Respir  Care  2000; 
45[l]:29-36)  the  most  striking  observation  was  a  dramatic 
improvement  in  exercise  tolerance  during  the  oxygen  ad- 
ministration month  followed  by  the  control  month  in  two 
patients  (Fig.  5).''  It  could  be  argued,  however,  that  this 
exponential  improvement  in  exercise  tolerance  during  the 
month  those  patients  received  oxygen  was  simply  a  con- 
tinuation of  the  results  of  exercise  training  during  the  con- 
trol month  while  breathing  air.  However,  the  slope  of  the 
improvement  is  much  steeper  in  the  oxygen  month. 

Pierce  and  Miller  showed  reduced  recovery  time  with 
oxygen-supported  exercise,  compared  with  oxygen  breath- 
ing air.''  Liker  et  al  were  the  first  to  conduct  a  controlled 
double-blind  trial  comparing  portable  liquid  oxygen  with 
liquid  air.^  In  their  study  all  patients  reported  feeling  better 
while  carrying  the  portable  device.  Three  of  9  patients 
showed  a  clear-cut  increase  in  the  distance  walked  while 
breathing  oxygen,  compared  with  air.  This  was  a  very 
difficult  study  to  conduct,  but  it  was  important  because  it 
gave  evidence  that  oxygen  offered  more  than  placebo  value. 
Additional  controlled  exercise  studies  were  conducted  by 
Bradley  et  aF  and  by  Leggett  and  Flenley,**  among  others. 
Bradley's  group  showed  that  walk  endurance  was  signif- 
icantly increased  by  oxygen,  although  the  maximum  work 
rate  could  not  be  equally  improved. 
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Fig.  1 .  The  late  Alvan  Barach  modeling  a  small  high-pressure  ox- 
ygen cylinder  capable  of  being  transfilled  from  a  large  compressed 
gas  L  or  K  cylinder. 


The  major  purpose  of  this  report  on  ambulatory  oxygen 
is  to  offer  a  new  analysis  of  the  Nocturnal  Oxygen  Ther- 
apy Trial  (NOTT)  data  in  order  to  explore  why  continuous 
oxygen  therapy  (COT)  was  superior  to  nocturnal  oxygen 
therapy  (NOT).  We  aimed  to  determine  if  survival  was 
related  to  the  exercise  capacities  of  the  patients  at  the  time 
of  randomization  to  oxygen  or  if  it  was  a  function  of  the 
duration  of  oxygen  administration. 

Re-examination  of  the  Nocturnal  Oxygen 
Therapy  Trial 

In  brief  review,  the  NOTT  study  collected  extensive 
data  from  a  well-defined  population  of  patients  with  ad- 
vanced chronic  obstructive  pulmonary  disease  (COPD), 
who  were  randomly  assigned  to  receive  either  NOT  for 
approximately  12  hours  per  day  from  a  stationary  source 
or  ambulatory  oxygen  (ie,  COT  that  was  intended  to  be 
used  as  close  to  24  hours  per  day  as  possible).  In  the 
NOTT,  extensive  outcome  data  were  obtained  that  can 
answer  important  questions  about  oxygen,  exercise,  sur- 


Fig.  2.  Cartoon  diagram  by  Dr  Barach  emphasizing  the  importance 
of  walking  with  ambulatory  oxygen. 


vival,  and  hospitalization  requirements  in  this  well-defined 
population. 

The  details  of  the  original  NOTT  study  have  been  re- 
ported elsewhere.**  Patients  with  chronic  stable  hypoxemia 
with  partial  pressure  of  oxygen  (Pq,)  of  <  55  mm  Hg  who 
had  no  significant  co-morbidities  and  were  willing  to  par- 
ticipate in  an  exercise-oriented  rehabilitation  program  uti- 
lizing oxygen  were  randomized  to  receive  either  NOT  from 
a  stationary  oxygen  system  or  COT  from  an  ambulatory 
system."*'"  The  randomization  process  resulted  in  patients 
who  were  well-matched  by  age,  gender,  and  indices  of 
disease  severity.**  After  the  NOTT  report,  the  magnetic 
data  tapes  were  placed  in  the  public  domain  in  hopes  that 
further  analyses  would  be  made  by  other  investigators. 
This  goal  was  not  achieved  at  first  because  of  the  com- 
plexities of  the  data  methods  originally  used,  which  were 
state-of-the-art  computer  technology  at  the  time  of  the 
study.' '-'2 

Recently,  one  of  us  (PLB),  using  newer  software,  was 
able  to  convert  the  original  data  into  a  personal  computer 
format.  The  original  NOTT  data  set  was  obtained  from  the 
National  Heart,  Lung,  and  Blood  Institute  in  its  original 
format  and  converted  into  an  Access  (Microsoft  Corpora- 
tion. Redmond,  Washington)  database.  From  this  data- 
base, information  was  output  to  Excel  (Microsoft  Corpo- 
ration, Redmond,  Washington)  for  matching  and  analysis. 
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Fig.  3.  JE  Cotes  transfilling  oxygen  system.  (From  Reference  2.) 


Walking  Information 

In  the  NOTT,  each  candidate  for  the  study  was  given  a 
comprehensive  pulmonary  rehabihtation  program,  with  ex- 
ercise performed  on  a  daily  basis  for  3  weeks  prior  to 
randomization  to  NOT  or  COT.  Each  patient  was  urged  to 
walk  as  much  as  possible  each  day  during  the  3-week 
stabilization  period,  and  each  was  given  a  pedometer  to 
monitor  the  distance  walked  each  day.  This  distance  was 
recorded  by  a  research  nurse  or  technician.  This  3-week 


Table  L  Matching  Data  for  Ba.seline  Walking  Comparison.* 
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Fig.  4.  Two  small  high-pressure  cylinders  used  by  JE  Cotes. 
(From  Reference  2.) 
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Fig.  5.  Improvement  in  exercise  tolerance  in  two  patients  trained  at 
level  walk.  Note  slow  change  during  control  month  and  marked 
rapid  rise  in  tolerance  during  oxygen  month.  "H.S."  and  "W.M." 
are  patients'  initials.  Temporary  decrease  in  H.S.'s  exercise  toler- 
ance during  the  oxygen  month  was  due  to  an  episode  of  acute 
bronchitis.  (From  Reference  4.) 


Characteristic 

Low  Walk  NOT 

Low  Walk  COT 

High  Walk  NOT 

High 

Walk  COT 

n 

22 

18 

22 

18 

Age.  median,  years 

67.6 

66.5 

67.6 

66.5 

Po„  mm  Hg 

52,3 

49.9 

51.6 

51.6 

Pco,.  mm  Hg 

45.7 

42.6 

42.4 

43.2 

pH 

7,40 

7.40 

7.42 

7.40 

Heart  rate,  min    ' 

92.6 

95.2 

85.9 

95.8 

Pulmonary  artery  mean  pressure,  mm  Hg 

31.6 

29.1 

26.9 

30.1 

Cardiac  index,  L/min-m^ 

2.76 

2.88 

2.62 

3,04 

Pulmonary  vascular  resistance,  dyn-s-cm"' 

381 

363 

383 

379 

FEV|.  %  of  predicted  pre-bronchixlialator 

25% 

28% 

25% 

28% 

FVC,  %  of  predicted  pre-bronchodialator 

xygen.  All  value 

48% 

li  are  mean 

unless 

noled. 

51% 

50% 

49% 

•Cardiac  and  blcxxj  gas  data  taken  al  rcsl  wilh  supplemcnlal  o 

NOT  =  m)Clumal  oxygen  Ihcrapy;  COT  -  continuous  oxygen 

Ihcrapy; 

rev,  = 

forced  expiratory 

volume 

in  the  first  second 

FVC  = 

-  forced  vital  capacity. 

206 


Respiratory  Care  •  February  2000  Vol  45  No  2 


Ambulatory  Oxygen  Therapy,  Exercise,  and  Survival  with  Advanced  COPD 


Patients  in  study 
203 

Pedometer  data  available 
157 

No  match  (computer 
modeling  to  ±  1%) 

77 

Matched  patients  (age, 

sex,  severity  of  disease) 

80 

Nocturnal 
oxygen 
therapy  - 
low  walk 

22 

Continuous 

oxygen 

therapy  - 

low  walk 

18 

Nocturnal 

oxygen 

therapy  - 

high  walk 

22 

Continuous 

oxygen 

therapy  - 

high  walk 

18 

Fig.  6.  Re-examination  of  the  Nocturnal  Oxygen  Therapy  Trial  by 
pretreatment  ambulation  status.  Origins  of  the  80  matched  patients. 


period  was  intended  to  bring  each  patient  to  a  functional 
optimum  before  randomization  to  NOT  or  COT.  The  av- 
erage number  of  feet  that  each  patient  walked  per  day  was 
calculated  during  the  third  week  of  the  stabilization  period. 
We  call  this  factor  "walking  level."  Pedometer  data  for  the 
3-week  stabilization  and  optimization  period  was  available 
for  1 57  of  the  203  total  patients.  We  had  maximum  oxygen 
consumption  measurements  for  106  of  the  203  total  pa- 
tients enrolled  in  the  NOTT.  In  our  matched  group  of  80 
subjects  we  have  maximum  oxygen  consumption  mea- 
surements for  18  subjects  with  a  low  walking  level  (39 
mL/min),  and  24  subjects  with  a  high  walking  level  (59 
mL/min)  (p  =  0.007).  Thus,  the  walking  level  can  be  taken 
as  a  surrogate  indicator  of  the  maximum  oxygen  consump- 
tion measurement  in  this  analysis. 

We  divided  the  patients  into  a  low  walking  and  a  high 
walking  group  by  separating  at  the  median  walking  dis- 
tance achieved  at  the  end  of  3  weeks.  Figure  6  presents  the 
origins  of  the  80  matched  patients.  The  initial  division  of 
the  patients  by  walking  level  at  the  median  (3,590  ft/d) 
yielded  groups  that  were  not  well  matched  by  age.  The  low 
walking  group  was  approximately  5  years  older  than  the 
high  walking  group.  To  overcome  this  weakness,  each  low 
walking  patient  was  manually  matched  with  a  high  walk- 
ing patient  of  similar  age.  treatment  group  (COT  vs  NOT), 
and  percent  of  predicted  forced  expiratory  volume  in  the 
first  second.  The  resulting  groups  were  40  patients  each  in 
the  low  and  high  walking  groups.  These  80  patients  were 
then  further  divided  into  COT  and  NOT  groups.  Table  1 
shows  the  results  of  this  matching,  and  this  shows  good 
matching  by  all  parameters  listed. 


Data  Analysis 

The  methods  of  Kaplan  and  Meier"  were  used  to  pro- 
duce the  survival  function,  using  the  product-limit  esti- 
mate model.  Statistical  significance  was  tested  using  the 
method  described  by  Cox.'-*  Hospitalization  data  were  an- 
alyzed by  analysis  of  variance. 

Results 

Figure  7  presents  the  survival  of  patients  with  low  and 
high  exercise  capability  who  received  low  (NOT)  versus 
high  (COT)  oxygen.  Differences  in  survival  between  the 
low  walkers  on  low  oxygen  and  high  walkers  on  high 
oxygen  is  statistically  significant  (p  =  0.01).  The  differ- 
ence is  also  significant  between  low  walkers  on  low  oxy- 
gen and  low  walkers  on  high  oxygen  (p  =  0.01). 

Figure  8  presents  the  hospitalization  data  in  terms  of  the 
number  of  admissions  per  year  and  the  average  length  of 
stay  per  admission  for  the  4  matched  groups.  Hospital 
utilization  was  less  in  the  high  oxygen  group  and  least  in 
the  high  oxygen  group  with  "high"  exercise  capability 
(p  =  0.05).  Using  analysis  of  variance,  a  statistically  sig- 
nificant difference  was  found,  with  a  shorter  length  of  stay 
in  the  high  walking  subjects  who  received  high  oxygen 
(p  =  0.02). 

Discussion 

The  first  long-term  oxygen  studies  showed  a  reduction 
in  pulmonary  pressures  and  erythrocytosis  in  6  patients  in 
each  of  two  studies  with  chronic  stable  hypoxemia  asso- 
ciated with  advanced  COPD.-'-'''  Somewhat  similar  studies 
of  continuous  oxygen  from  a  stationary  source  also  showed 
improvement  in  pulmonary  artery  pressure,  with  shorter 
duration  of  oxygen  therapy,  including  as  low  as  15  hours 
per  day.""'^  These  early  observations  formed  the  basis  for 
both  the  British  Medical  Research  Council  and  the  NOTT 
randomized  controlled  clinical  trials. 

The  British  Medical  Research  Council  study  showed  a 
survival  benefit  from  oxygen  given  for  approximately  15 
hours  per  day,  including  during  sleep,  compared  with  air."* 
The  NOTT  study,  which  used  ambulatory  COT  for  as 
many  hours  per  day  as  possible  (median  19.4  h,  mean  17.8 
h/d),  compared  with  NOT  from  a  stationary  source  (mean 
1 1.8  h/d).  showed  a  better  survival  with  more  continuous 
oxygen.''  Figure  9  shows  a  comparison  of  these  survival 
curves. 

Improved  survival  in  the  NOTT  study  was  related  to 
reversibility  of  pulmonary  hypertension. '^  Similar  conclu- 
sions have  been  drawn  by  other  investigators.-""--  It  is 
difficult  to  understand,  however,  how  a  modest  reduction 
in  mean  pulmonary  artery  pressure  (only  3-5  mm  Hg), 
which  causes  only  a  slight  decrea.se  in  the  afterload  of  the 
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Fig.  7.  Survivorship  vs  walking  level  and  oxygen  therapy.  Comparison  of  survivorship  in  high  walk,  high  oxygen  patients 
compared  with  low  walk,  low  oxygen  patients  shows  highly  statistically  significant  differences.  Low  walk,  high  oxygen 
survival  is  better  than  low  walk,  low  oxygen  at  2.5  years,  but  not  at  3.5  years.  These  differences  are  statistically  significant 
(p  =  0.01). 


right  ventricle,  could  be  the  sole  reason  for  the  improved 
survival.  In  one  study,  improved  survival  was  related  to 
both  a  reduction  in  pulmonary  pressure  and  an  increase  in 
maximum  oxygen  consumption.-"  In  some  patients  who 
had  a  reduction  in  pulmonary  artery  pressure,  there  was  an 
increase  of  left  ventricular  ejection  fraction,  which  may  be 
a  reflection  of  improved  global  cardiac  function  because 
of  relief  of  hypoxemia.-" 

Extensive  exercise  studies  of  right  ventricular  function 
during  exercise  in  COPD  have  shown  that  an  increase  in 
exercise  tolerance  is  related  to  an  increase  in  right  ven- 
tricular function  and  increased  oxygen  consumption.-^-'' 
Increased  exercise  capacity  in  hypoxemic  COPD  often  re- 
sults from  oxygen  administration  and  is  related  to  an  im- 
provement in  right  ventricular  function. -''-'  Increased  right 
ventricular  function  and  oxygen  consumption  may  occur 
in  spite  of  increases  in  pulmonary  artery  pressure  and  pul- 
monary vascular  resistance.-^--"*  The  elevated  pulmonary 
pressure  and  resistance  are  most  likely  due  to  fixed  vas- 
cular changes  in  the  pulmonary  vascular  bed,  which  are 
not  reversible,  even  with  long-term  oxygen  therapy 
(LTOT).-*"  One  study  found  a  relationship  between  mixed 
venous  oxygen  tension  and  survival  in  patients  who  were 
candidates  for  LTOT.-''  The  5-year  survival  was  better  in 
patients  with  the  highest  mixed  venous  P^,,  and  higher 
coefficient  of  oxygen  extraction.-^  This  study  suggested 


that  measures  designed  to  increase  cardiac  output  would 
be  appropriate  to  improve  tissue  oxygen  delivery.-^-** 

In  other  studies,  patients  who  exhibited  little  or  no  abil- 
ity to  increase  their  cardiac  output  and  systemic  oxygen 
transport  did  not  have  increased  exercise  capacity.-^-'* 
These  observations  led  to  the  conceptual  ization  of  the  "right 
ventricular  hypothesis."-''  The  right  ventricular  hypothesis 
is  based  on  the  concept  that  limitation  of  right  ventricular 
function  limits  systemic  tissue  organ  transport.  Before  ox- 
ygen is  given,  ventricular  function  and  oxygen  transport 
may  be  limited  by  poor  oxygenation  of  the  myocardium. 
After  oxygen  is  administered,  right  ventricular  function 
can  still  be  limited  by  structural  damage  of  the  right  ven- 
tricle or  by  elevated  right  ventricular  afterload  from  fixed 
pulmonary  vascular  changes.  In  any  event,  failure  to  im- 
prove right  ventricular  systolic  function  may  limit  tissue 
oxygen  transport.  By  improving  oxygen  to  the  right  ven- 
tricular myocardium,  and  by  reducing  right  ventricular  af- 
terload. right  ventricular  function  may  improve.  This,  in 
turn,  results  in  improved  global  cardiac  function,  increased 
tissue  oxygen  transport,  and  increased  tissue  energy  pro- 
duction. 

It  is  likely  that  tissue  metabolic  phenomena  are  respon- 
sible for  improved  survival.  In  the  British  Medical  Re- 
search Council  study,  in  men  who  received  oxygen  versus 
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Fig.  9.  Comparison  of  survival  curves  of  Nocturnal  Oxygen  Therapy  Trial  (NOTT)  and  British  Medical 
Research  Council  (MRC)  study.  (From  Cooper  CB,  Long-term  oxygen  therapy.  In:  Casaburi  R,  Petty 
TL,  editors.  Principles  and  practice  of  pulmonary  rehabilitation.  Philadelphia:  WB  Saunders;  1993:  p 
184,  with  permission.) 


men  who  did  not  receive  oxygen,  improved  survival  did 
not  become  apparent  until  after  500  days."*  In  the  NOTT 
study,  improved  survival  did  not  become  statistically  sig- 
nificant until  18  months  (see  Fig.  9).'^  These  data  suggest 
that  the  survival  benefit  from  oxygen  was  a  function  of 


restorative  metabolic  changes  in  multiple  organs,  which 
occurred  over  months  of  LTOT. 

The  restorative  value  of  oxygen  in  brain  function  has 
been  previously  reported.'"  Figure  10  shows  an  improve- 
ment in  performance  IQ,  which  was  similar  in  both  NOT 
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Fig.  1 0.  Performance  IQ  from  the  Wechsler  Adult  Intelligence  Scale 
in  relation  to  duration  of  continuous  (COT)  versus  nocturnal  (NOT) 
oxygen  therapy  in  COPD  patients.  (From  Reference  30,  with 
permission.) 
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Fig.  11.  Change  in  "fluid  intelligence"  (brain  age  quotient)  in  rela- 
tion to  continuous  (COT)  versus  nocturnal  (NOT)  oxygen  treatment 
in  COPD  patients.  (From  Reference  30,  with  permission.) 


and  COT.  However,  in  COT  there  was  further  improve- 
ment over  the  subsequent  6  months.  Similarly,  Figure  1 1 
shows  improvement  in  brain  age  quotient,  with  improve- 
ment in  both  NOT  and  COT  after  6  months,  but  further 
improvement  after  12  months  with  COT.^"  An  improve- 
ment in  brain  function  could  reasonably  be  expected  to 
require  increased  energy  production.  Such  an  increase  in 
energy  production  would  require  increased  systemic  oxy- 
gen delivery.  This  has  been  demonstrated  in  patients  who 
can  increase  their  exercise  tolerance  with  supplemental 
oxygen. 22-2''  We  believe  that  increased  exercise  tolerance 
and  improved  survival  are  a  result  of  increased  systemic 
oxygen  delivery  during  oxygen  administration. 

A  restoration  of  arterial  blood  oxygenation  while  breath- 
ing air  has  been  reported  following  several  months  of 


LTOT.-"  This  improvement  in  oxygen  transfer  across  the 
lungs  is  believed  to  be  due  to  improved  ventilation-perfu- 
sion  matching  as  a  result  of  improved  oxygenation,  which 
is  known  to  reduce  pulmonary  arteriolar  constriction  and 
bronchospasm.32  xhg  long-term  impact  of  LTOT  on  heart, 
brain,  lung,  and  skeletal  muscle  function  may  also  be  due 
to  a  sustained  increase  in  tissue  oxygen  transport  and  im- 
proved energy  production  of  multiple  organ  systems. 

A  weakness  of  our  study  is  that  it  is  a  retrospective 
analysis  of  a  limited  number  of  patients.  But  the  NOTT 
study  involved  extremely  well-characterized  patients  with 
exercise  physiology  and  hospitalization  outcomes.  The 
present  study  suggests  that  improved  tissue  oxygen  trans- 
port occurs  in  patients  with  relatively  better  exercise  ca- 
pacity who  also  receive  more  continuous  ambulatory  ox- 
ygen. Patients  with  lower  levels  of  exercise  capacity  had 
better  survival  with  oxygen  delivered  for  longer  periods  of 
time. 

This  study  suggests  that  new  clinical  trials  are  needed  to 
compare  outcomes  from  ambulatory  oxygen  for  as  many 
hours  per  day  as  possible,  compared  with  stationary  oxy- 
gen for  an  equivalent  length  of  time.  Such  studies  could 
answer  the  critical  question  about  survival  in  relation  to  an 
ambulatory  or  stationary  oxygen  delivery  source,  and  ad- 
dress the  possibility  of  reducing  hospitalizations  with  con- 
tinuous ambulatory  LTOT. 

Summary 

The  NOTT  study  showed  improved  survival  in  COT 
patients  who  received  LTOT  for  longer  periods  (mean 
17.7  h/d,  median  19.4  h/d)  from  an  ambulatory  oxygen 
system,  compared  with  the  survival  of  NOT  patients  who 
received  oxygen  for  a  mean  of  1 1 .8  h/d  from  a  stationary 
system.  The  differences  in  survival  could  have  been  due  to 
the  method  or  the  duration  of  oxygen  therapy,  or  both.  An 
increase  in  cardiac  output  and  increased  oxygenation  of 
the  arterial  blood  (oxygen  content)  results  in  increased 
tissue  oxygen  transport.  In  addition,  COT  was  associated 
with  better  survival  and  reduced  hospitalizations,  com- 
pared with  NOT  patients  who  were  unable  to  increase  their 
walking  level. 
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Discussion 

Kacmarek:  I  just  wanted  to  ask  you 
to  comment  on  the  restorative  effects 
that  you  were  discussing.  You  indi- 
cated that  if  a  patient  is  on  oxygen 
therapy  because  he  or  she  is  hypox- 
emic at  rest,  and  he  or  she  recovers 
from  that  a  year  or  two  down  the  road 
so  that  resting  Pq^  is  in  the  60s,  you 
would  continue  oxygen  therapy.  How 
about  a  patient  who  is  discharged  (af- 
ter an  acute  exacerbation)  with  a  Pq, 
that  necessitates  oxygen  therapy,  but 


after  a  month  or  two  they've  recov- 
ered? Is  that  a  patient  who  should  have 
oxygen  discontinued? 


Petty:  That's  a  very  good  question, 
and  we  addressed  it  during  the  oxy- 
gen consensus  conferences.  Certainly, 
with  that  unstable  patient  who  has  just 
come  out  of  an  exacerbation  (often  a 
pneumonia  or  just  an  exacerbation  of 
COPD),  we  want  them  to  go  on  home 
oxygen  so  they  can  get  out  of  the  hos- 
pital fast.  We're  not  going  to  commit 


him  or  her  to  life-long  oxygen,  though, 
because  he  or  she  may  not  be  a  can- 
didate in  terms  of  being  in  a  stable, 
steady  state.  I'm  only  recommending 
continued  oxygen  for  patients  who 
have  a  long-term,  demonstrable  need 
after  a  good  stabilization  period  and 
then  improved  their  ventilation-perfu- 
sion  matching  but  don't  change  their 
overall  basic  spirometry.  Those  are  the 
ones  who  shouldn't  be  taken  off  oxy- 
gen. And,  Walter,  you  might  want  to 
elaborate  on  that  because  this  was  your 
concept. 
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O'Donohue:  I  agree  with  Tom  that 
there  are  those  patients  who  need  short- 
term  oxygen  therapy  until  they  recover 
from  their  acute  illness,  and  they 
should  not  be  subjected  to  a  lifetime 
of  oxygen  therapy.  The  recommenda- 
tion is  that  they  should  be  retested  in 
1  to  3  months.  But  the  patients  that 
Tom  is  addressing  are  from  2  studies. 
One  we  did,  and  one  was  retrospec- 
tive, looking  at  Weitzenblum's  study. ' 
These  patients  had  been  followed  for 
some  40  months  prior  to  beginning 
oxygen,  and  were  shown  to  be  hypox- 
emic with  progressive  pulmonary  hy- 
pertension. They  received  oxygen  for 
a  year  and  then  were  restudied.  At  the 
end  of  one  year  of  oxygen  therapy, 
25%  of  them  would  not  have  quali- 
fied for  oxygen  therapy.  In  our  study ,^ 
on  an  average,  patients  had  been  on 
nasal  oxygen  for  two  years  before  start- 
ing transtracheal  oxygen.  So  they  had 
already  been  receiving  oxygen,  and  at 
the  time  they  started  transtracheal  ox- 
ygen, all  of  them  had  a  Pq,  of  <  55 
mm  Hg.  At  the  end  of  6  months  of 
transtracheal  oxygen,  25%  of  them  had 
a  P^Oj  above  55  mm  Hg.  These  were 
all  stable  patients,  and  this  clearly  ap- 
peared to  be  a  reparative  or  a  restor- 
ative effect  of  oxygen  therapy  and  not 
simply  the  effect  of  instability  of  dis- 
ease. But  I  would  also  mention  that  all 
of  our  patients  who  had  Pq,  >  55  mm 
Hg  desaturated  with  exercise.  So  they 
would  have  been  experiencing  peri- 
ods of  desaturation  if  we  had  stopped 
oxygen  therapy.  The  assumption  is  that 
they  would  then  revert  back  to  more 
pulmonary  hypertension  and  more  of 
the  disease  that  had  caused  the  hypox- 
emia to  begin  with. 
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Kacmarek:  I  agree  totally  with  both 
of  your  responses,  and  the  reason  1 
ask  was  that  many  patients  who  get 
discharged  from  the  hospital  are  not 
formally  followed  up  the  way  they 
should  be,  and  there  is  not  that  1  -month 
or  3-month  follow-up  to  document 
whether  oxygen  therapy  is  still  needed. 
Many  of  the  patients  who  have  been 
maintained  relatively  long-term  on  ox- 
ygen therapy  at  home  are  those  who 
probably  fit  into  that,  but  some  of  them 
fit  into  that  group  and  may  not  need  it. 
My  concern  was  simply  to  get  that 
recommendation  back  out  on  the  table 
and  into  this  document. 

Pierson:  What  evidence  is  there  that 
discharging  a  COPD  patient  who  has 
a  Pq,  of  50  following  an  exacerbation 
and  not  sending  them  home  on  oxy- 
gen adversely  affects  any  outcome?  1 
ask  this  because  I  suspect  that  in  many 
countries  patients  who  are  admitted 
for  an  acute  exacerbation  are  simply 
discharged  on  air,  even  if  they  remain 
hypoxemic  after  their  several  days  in 
the  hospital. 

Criner:  Your  retrospective  review 
based  on  low-  and  high-walk  I  found 
intriguing  because  this  seems  to  be 
the  first  coupling  of  rehabilitation  po- 
tential and  prescription  of  LTOT.  Do 
you  believe  that  patients  who  are  pre- 
scribed LTOT  should  be  systemati- 
cally examined  in  regard  to  their  con- 
ditioning? If  prescribed  LTOT,  should 
they  also  have  reconditioning  simul- 
taneously applied?  How  do  you  inter- 
pret the  data?  Should  everyone  for 
whom  we  prescribe  LTOT  be  assessed 
for  their  fitness  and  rehabilitation? 

Petty:  I  think  that  would  be  ideal 
but  impractical,  because  most  oxygen 
in  this  country  is  prescribed  by  pri- 
mary care  physicians.  Now  maybe  that 
would  be  very  practical  in  Poland.  But 
that's  why  I  sort  of  plead  for  the  de- 
finitive study,  once  and  for  all  to  find 


out  in  large  groups  of  patients,  al- 
though well-selected,  like  the  NOTT 
study  was,  excluding  about  80%  of 
the  patients,  to  get  down  to  the  ones 
that  we  really  found  as  candidates,  to 
answer  the  question  so  that  industry 
knows  what  to  do,  so  that  payers  know 
what  to  reimburse  for.  I  think  that's 
what  really  needs  to  be  done. 

Zielinski:  I  think  that  Poland  is  very 
well  suited  to  do  such  a  study,  be- 
cause in  Poland  the  oxygen  treatment 
is  based  only  on  oxygen  concentra- 
tors. We  cannot  afford  liquid  oxygen, 
so  without  depriving  the  patients  of 
any  choice,  we  can  randomly  put  some 
patients  on  ambulatory  liquid  oxygen 
systems  and  others  on  stationary  ox- 
ygen. I  will  also  show  in  my  talk  that 
we  have  very  close  follow-up  of  our 
patients.  I  think  it  would  be  a  good  idea 
to  arrange  such  a  study  in  Poland. 

Wedzicha:  I  also  found  your  high- 
walk  vs  low-walk  data  intriguing. 
There  is  one  problem.  We  published  a 
study  where  we  performed  a  random- 
ized, controlled  trial  of  pulmonary  re- 
habilitation in  two  groups  of  patients.' 
One  group  were  the  usual  patients  who 
are  always  studied,  whom  we  called 
moderately  disabled,  though  their 
forced  expiratory  volume  in  the  first 
second  measurements  were  about  37% 
of  predicted.  Our  second  group  of  pa- 
tients was  housebound,  and  these  pa- 
tients were  mainly  already  on  LTOT. 
Our  rehabilitation  experience  was  poor 
in  that  housebound  group.  We  did  not 
manage  to  improve  exercise  capacity, 
despite  sending  therapists  to  the  pa- 
tients' homes  twice  a  week  for  8  weeks. 
I  think  the  limiting  factor  will  be  the 
ability  of  some  of  these  patients  to 
rehabilitate,  for  the  reasons  that  Neil 
has  already  told  us — they  become  de- 
conditioned  and  they  don't  increase 
their  heart  rate  response  to  exercise. 
Rehabilitation  has  to  happen  at  a  much 
earlier  time  in  the  natural  history  of 
COPD.  What  do  you  think  of  that, 
Tom? 
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Petty:  Well,  if  my  hypothesis  is  cor- 
rect. I  agree  that  we  should  be  doing 
pulmonary  rehabilitation  earlier  on, 
and  actually  there  are  some  data  that 
speak  to  this.  Rick  Carter  wrote  a  very 
interesting  article  about  maximum  ox- 


ygen consumption  and  maximum  heart 
rate  in  people  with  only  mild  to  mod- 
erate degrees  of  COPD, '  on  people  in 
their  mid-40s  with  forced  expiratory 
volume  in  the  first  second  measure- 
ments around  2.5,  who  aren't  impaired 
by  their  ventilatory  mechanics  at  all. 
But  guess  what?  Their  cardiovascular 
responses  were  terrible.  They  can't  do 
a  maximum  heart  rate,  a  maximum 
oxygen  consumption,  and  they  stop  ex- 
ercising, because  they  say  they're 
tired.  Well,  1  think  the  reason  they're 
tired  is  they're  having  problems  with 


oxygen  utilization  at  the  tissue  level. 
We  didn't  go  into  the  inflammatory 
cytokines  that  these  patients  have  that 
are  poisoning  their  mitochondria,  too. 
We've  got  to  interface  the  external  res- 
piration with  internal  respiration  me- 
tabolism. 1  think  the  respiratory  meta- 
bolic-interface is  where  the  answer  is. 
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Introduction 

Since  the  topic  of  commercial  air  travel  for  the  technol- 
ogy-dependent individual  was  reviewed  in  Respiratory 
Care  in  1994,'  advances  in  this  field  have  occurred,  jus- 
tifying an  updated  review.  In  this  context,  the  current  pa- 
per will  present  a  comprehensive  review  of  air  travel  with 
supplemental  oxygen.  As  in  earlier  reviews,'  **  the  effects 
of  acute  altitude  exposure  are  addressed  first.  Atmospheric 
conditions  within  commercial  air  carriers  are  then  reviewed, 
followed  by  a  discussion  of  the  medical  hazards  associated 
with  air  travel.  Strategies  to  predict  in-flight  arterial  partial 
pressure  of  oxygen  (Pyo,)  are  discussed  next,  and,  finally, 
recent  information  regarding  airline  policies  about  provid- 
ing in-flight  oxygen  are  summarized.  In  so  doing,  my  pur- 
po.se  is  to  provide  a  useful  review  for  the  respiratory  care 
clinician  involved  in  evaluating  and  offering  recommen- 
dations to  prospective  travelers  in  need  of  in-flight  sup- 
plemental oxygen. 

Effects  of  Acute  Altitude  Exposure 

The  physiologic  effects  of  exposure  to  altitude  are  de- 
fined by  two  of  the  gas  laws:'^  Dalton's  law  and  Boyle's 
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law.  Dalton's  law  describes  the  relationship  between  par- 
tial pressure  and  total  pressure  of  gases  in  a  mixture,  and 
states  that  the  total  pressure  of  a  mixture  of  gases  must 
equal  the  sum  of  the  partial  pressures  of  all  of  the  com- 
ponent gases.  Boyle's  law  describes  the  relationship  be- 
tween the  pressure  and  the  volume  of  a  gas,  such  that  the 
volume  varies  inversely  with  the  gas  pressure. 

With  regard  to  the  impact  of  these  gas  laws  during 
altitude  exposure,  the  hypobaric  conditions  of  altitude  ex- 
posure cause  the  total  barometric  pressure  to  decrease, 
causing  the  partial  pressure  of  each  component  gas  to  de- 
crease in  proportion  to  its  percentage  composition  of  the 
total.  Stated  simply,  the  partial  pressure  of  oxygen  (Pq,) 
decreases  with  altitude.  Similarly,  as  the  ambient  pressure 
falls  during  ascent  to  altitude,  the  volume  of  the  gases  in 
an  enclosed  space  increases  and  gas  density  decreases. 
Table  1  presents  measurements  of  atmosphere  and  tracheal 
Pq,  and  of  gas  density  as  barometric  pressure  falls  with 
ascent.  As  a  general  "rule  of  thumb,"  tracheal  Pq,  declines 
5  mm  Hg  per  1,000  feet  ascended.  Also,  at  an  elevation  of 
8,000  feet,  gas  density  is  approximately  30%  lower  than  at 
sea  level. 

With  these  changes  accompanying  ascent  to  higher  al- 
titude, many  of  the  pulmonary  effects  of  acute  altitude 
exposure  can  be  a.scribed  to  the  decrease  in  Pq,-  For  ex- 
ample, as  the  ambient  partial  pressure  of  oxygen  decreases, 
respiratory  rate  and  minute  ventilation  increase,  as  does 
the  ventilatory  equivalent  (minute  ventilation/oxygen  con- 
sumption). Similarly,  altitude  exposure  produces  hemody- 
namic effects,  including  accelerated  heart  rate,  increased 
cardiac  output,  and  redistribution  of  perfusion  to  essential 
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Table  1 .      Changing  Properties  with  High  Altitude 


Altitude  (ft) 


Barometric 
pressure 
(mm  Hg) 


Atmospheric  Po, 

Tracheal  POj 

Gas 

Gas 

(mm  Hg) 

(mm  Hg) 

density* 

volume 

159 

149 

1.0 

1.0 

148 

138 

— 

— 

137 

128 

0.9 

l.I 

132 

122 

0.8 

1.2 

118 

108 

— 

1.4 

109 

100 

0.7 

1.5 

89 

80 

0.6 

1.9 

47 

38 

0.3 

4.0 

29 

20 

0.2 

7.6 

0  (sea  level) 

760 

2.000 

707 

4.000 

656 

5,000 

632 

8.000 

564 

10.000 

523 

15.000 

428 

30,000 

226 

40.000 

141 

*Ralio  of  demitv  at  altitude  to  density  at  sea  level. 
Pot  -  partial  pressure  of  oxygen. 
(From  Reference  6.  with  permission.! 


organs,  much  as  with  the  "diving  reflex."  Finally,  neuro- 
logic sequelae  of  altitude  exposure  include  cerebral  vaso- 
dilatation and  various  neuropsychologic  effects,  such  as 
inattention,  sleepiness,  headache,  and  memory  impairment. 
Other  effects  of  altitude  exposure  relate  to  gas  expansion. 
For  example,  gas  trapped  in  enclosed  spaces,  such  as  in 
sinuses,  noncommunicating  lung  bullae,  pleural  spaces,  or 
abdominal  viscera  may  expand,  causing  such  diverse  clin- 
ical phenomena  as  flatulence,  acute  ear  pain,  expanding 
pneumothorax,  or  even  actual  dehiscence  of  abdominal 
wounds  related  to  abdominal  distention.  In  the  era  of 
prosthetic  implants  containing  both  air  and  liquid,  the 
air  within  these  prostheses  may  expand  much  like  dis- 
tended potato  chip  containers  at  altitude,  causing  un- 
usual clinical  events.^ 

Despite  these  protean  effects  of  altitude  exposure,  rel- 
atively brief  exposure  (ie,  <  12  h)  to  the  altitude  equiva- 
lent encountered  during  commercial  air  flight  (ie,  8,000- 
10,000  feet,  see  below)  seems  to  be  extremely  well- 
tolerated,  even  among  patients  with  chronic  obstructive 
pulmonary  disease  (COPD).^-*  For  example,  in  a  study  in 
which  8  COPD  patients  with  mean  forced  expiratory  vol- 
ume in  the  first  second  (FEV,)  measurements  of  42%  of 
predicted  were  assessed  during  ascent  to  1 ,920  m  atop  Mt 
Washington,  Graham  and  Houston**  observed  early  mild 
fatigue,  with  no  significant  changes  in  minute  ventilation, 
respiratory  rate,  or  resting  heart  rate.  Similarly,  when  Berg 
et  al**  exposed  18  COPD  patients  (mean  FEV,  0.97,  31% 
of  predicted)  to  8.000  feet  for  45  minutes  inside  a  hypo- 
baric  chamber,  no  significant  cardiopulmonary  effects  were 
observed,  even  as  the  mean  P,,o,  fell  to  47.4  mm  Hg. 

In  summary,  notwithstanding  the  many  physiologic  ef- 
fects of  altitude  exposure,  empirical  studies  of  short-term 
altitude  exposure  to  modest  altitudes  like  those  encoun- 
tered during  commercial  air  travel  show  good  tolerance, 
even  by  travelers  with  advanced  COPD. 


Conditions  Inside  Commercial  Airplanes  in  Flight 

Although  the  concept  that  commercial  airliners  are  "pres- 
surized" is  well-known,  the  results  of  a  personal  survey 
conducted  while  traveling  suggest  that  details  of  the  alti- 
tude equivalence  in-flight  are  poorly  understood,  even  by 
many  airline  employees.  Although  commercial  airplanes 
may  fly  at  altitudes  up  to  44,000  feet,  the  fuselage  struc- 
ture is  built  to  withstand  a  transmural  pressure  gradient 
such  that  the  internal  pressure  is  maintained  at  the  equiv- 
alent of  1 0,000  feet  or  less.  Indeed.  Federal  Aviation  Ad- 
ministration requirements  dictate  that  the  so-called  "cabin 
altitude"  (the  altitude  equivalent  within  the  cabin  to  which 
passengers  are  exposed)  be  maintained  below  8,000  feet 
under  most  travel  circumstances.'  '  Actual  cabin  altitudes 
have  been  measured  in  a  variety  of  commercial  airplane 
types  by  Cottrell.'°  As  shown  in  Table  2,  structural  prop- 
erties of  different  types  of  commercial  airplanes  permit 
different  pressure  gradients  to  be  maintained.  Put  simply, 
the  greater  the  tolerable  differential  pressure,  the  lower  the 
cabin  altitude  during  flight.  As  such,  the  Concorde,  with  a 
differential  pressure  of  10.7  psi  can  maintain  a  cabin  alti- 
tude of  1.000  feet,  compared  with  a  Boeing  737.  in  which 
cabin  altitude  is  8,000  feet  because  of  the  lower  differen- 
tial pressure  of  7.45  psi.  Cottrell'**  found  that  more  modem 
airplane  types  are  capable  of  higher  flight  while  exposing 
travelers  to  higher  cabin  altitudes,  though  still  below  the 
"ceiling"  of  8,000  feet. 

Medical  Hazards  Associated  with 
Commercial  Air  Flight 

Much  interest  has  focused  on  the  frequency  and  types  of 
adverse  medical  events  encountered  during  commercial  air 
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Table  2.      Commercial  Aircraft  Cabin  Pressurization 


Aircraft  Type* 


Differential 
Pressure  (psi) 


Cabin 
Altitude  (ft)t 


B-727 

8.6 

B-757 

8.6 

B-767 

8.6 

B-747 

8.9 

B-737 

7.45 

DC-8 

8.77 

DC-9 

7.76 

DC-10 

8.6 

A-300 

8.25 

A-320 

8.3 

L-IOII 

8.4 

BAC-lll 

7.5 

Concorde 

10.7 

5.400 
5,400 
5,400 
4,700 
8,000 
5,000 
7.300 
5.400 
6.100 
6,000 
5,800 
7.900 
1,000 


*n  =  204  flights  on  28  LiinimeRial  airlines  wilh  16  different  aircraft. 

tCabin  altitude  higher  with  new  aircraft  (mean  7.004  ft  vs  i.ilO  ft,  p  =  0,002). 

(Adapted  from  Reference  10.  with  permission.) 


travel,  for  3  important  reason.s:  (1)  exposure  to  hypobaric 
hypoxic  conditions  during  commercial  air  flight  poses  some 
risk,  albeit  small;  (2)  individuals  with  medical  conditions 
comprise  an  important  minority  of  the  flying  public;  and 
(3)  commercial  air  carriers  are  sometimes  used  to  transport 
patients  with  recent  illnesses  and/or  end  stage  cardiopul- 
monary disease  for  further  care  (eg,  transplantation). "•'- 
As  evidence  of  the  frequency  of  commercial  air  flight  by 
individuals  wilh  medical  problems.  Gong  has  estimated 
that  5%  of  air  travelers  are  under  medical  care.^  The  acuity 
and  types  of  medical  illnesses  among  commercial  air  trav- 
elers was  described  by  Gong  et  al  in  a  survey  of  1,115 
passengers  referred  to  Delta  Airlines'  medical  evaluation 
service  in  1991."  Thirty-five  percent  of  these  individuals 
reported  being  hospitalized  within  2  weeks  of  arranging 
the  air  flight.  Ten  percent  of  these  1,1 15  individuals  were 
deemed  medically  unfit  for  travel  and  were  denied  air 
passage.  Of  the  892  individuals  for  whom  oxygen  was 
recommended,  the  need  was  based  on  COPD  in  44.3%  and 
on  cardiac  disease  in  34.1%.  Finally,  that  travelers  infre- 
quently seek  medical  advice  before  travel  was  suggested 
by  the  results  of  a  poll  of  62  passengers  with  lung  dis- 
ease.'-^ Thirty-two  percent  had  taken  a  commercial  air  flight 
within  the  previous  2  years,  but  only  30%  had  sought 
medical  advice  before  the  actual  trip.  Also,  of  the  892 
travelers  using  in-flight  oxygen  in  the  aforementioned  se- 
ries by  Gong  et  al,'^  72.8%  had  flown  previously,  but  only 
25.1%  had  previously  used  oxygen  in  flight. 

In  addressing  a  special  subset  of  commercial  air  travel- 
ers with  medical  conditions.  Cox  et  al'-  described  196 
travelers  who  had  experienced  recent  myocardial  infarc- 
tion. Specifically,  the  median  time  since  myocardial  in- 


farction was  1 5  days,  with  a  mean  of  1 7  days  and  a  range 
of  3  to  53  days.  Ninety-five  percent  of  these  travelers 
experienced  no  in-flight  symptoms  or  adverse  outcomes. 
However,  in  9  travelers  (5%)  symptoms  occurred,  attrib- 
uted to  a  cardiac  cause  in  6  of  the  patients  and  to  noncar- 
diac  causes  in  the  remaining  3  (ie,  gastroenteritis,  urinary 
retention,  and  agitation).  One  individual  who  experienced 
gastroenteritis  in  flight  died  from  a  cardiac  arrest  and  hy- 
potension 8  hours  after  arrival,  for  an  overall  travel-asso- 
ciated mortality  rate  of  0.5%.  Overall,  this  experience  sug- 
gests that  commercial  air  travel  by  patients  experiencing 
recent  myocardial  infarction  can  be  undertaken  with  rela- 
tively low  risk.  In  a  separate  experience  with  21  patients 
with  severe  cardiopulmonary  disease  being  transported  on 
commercial  air  flights  to  specialized  centers  (eg,  for  trans- 
plantation), Kramer  et  al"  reported  one  death  (of  a  me- 
chanically ventilated  patient  with  severe  pulmonary  hy- 
pertension from  chronic  emboli).  In  the  remainder  of  the 

20  patients,  6  had  room  air  P^o,  values  that  ranged  from  40 
to  59  mm  Hg,  but  tolerated  commercial  air  flights  of  4  to 

21  hours  duration  without  adverse  sequelae.  Overall,  given 
the  large  volume  of  commercial  air  travel  currently  and  the 
frequency  of  travel  by  individuals  with  active  medical  prob- 
lems, the  low  rate  of  adverse  events  is  both  reassuring  and 
perhaps  even  surprising. 

Against  this  background  of  frequent  travel  by  passen- 
gers with  medical  conditions,  the  frequency  of  adverse 
medical  events  during  commercial  air  travel  is  notewor- 
thy.'^-^^  Table  3  presents  the  findings  of  4  available  series 
that  measured  the  overall  frequency  of  medical  emergen- 
cies during  commercial  air  travel.  The  frequency  of  in- 
flight medical  emergencies  among  travelers  in  series  eval- 
uating between  8.74  and  245.3  million  travelers  was  similar, 
at  1  event  per  19,000-39,600  travelers. 's-="  Death  during 
commercial  air  travel  was  100-fold  less  common,  reported 
once  among  3.2  million  travelers  in  the  series  by  Cummins 
et  al.''^  The  types  of  medical  problems  encountered  during 
commercial  air  travel  are  summarized  in  Table  4.  In  many 
of  the  6  available  series,''^-"  cardiac  events  (eg,  myocar- 
dial infarction,  chest  pain,  heart  failure)  accounted  for  the 
most  events,  including  56%  of  deaths  in  one  series.'"^  Syn- 
cope and  near  syncope  comprised  4-29%  of  events,  gas- 
trointestinal problems  11-12%,  and  pulmonary  problems 
(eg,  dyspnea,  exacerbations  of  asthma  and/or  COPD)  ac- 
counted for  6-12%  of  events. 

Finally,  given  the  surprisingly  low  event  rates  described 
among  cominercial  air  travelers,  the  possibility  of  at  least 
two  sources  of  bias  must  be  considered:  under-reporting  of 
nonemergency  adverse  events  by  travelers,  and  denial  of 
travel  to  severely  medically-impaired  travelers,  as  was  re- 
ported in  10%'  of  1.115  travelers  referred  to  the  Delta 
Airlines  medical  evaluation  unit.'^ 
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Table  3.      Summary  of  Available  Reports  of  Medical  Emergencies  during  Air  Travel 


First  Author  (Year) 


Site  or  Source 


Number  of  Travelers 


Frequency  of  Emergencies  (h) 
All  Travelers  In  Flight 


Cummins  (I988)i5 
Cummins  (1989)'* 
Speizer  (1989)1'' 


lATA  Survey 
Sea-Tac 
Los  Angeles 

International  Airport 
Air  Canada 


245.3  million 

14.4  million  (274,000  flights) 

8.74  million 


Skjenna  ( 1991 )™  Air  Canada  1 3,353.000 

lATA  =  Inlemaliona)  .Air  Transport  Association. 

Sea-Tac  =  Seattle-Tacoma  International  AirjK>r1. 

*Unscheduled  landings  in  7/190:  .5  cardiac  arrests  of  which  only  1  occurred  on  b<iard  plane. 

tTotal  2  deaths. 

(From  Reference  1.1 


1/3,200.000  deaths 
1/19,000(754)* 


3.4/100,000t 


1/39,600(190) 
1/33,000(260) 


Table  4.      Types  of  Medical  Problems  Encountered  during  Air  Travel:  Summary  of  Available  Series 


First  Author  (Date) 

n  Events 

Syncope/Near 

Cardiac 

Asthma/COPD 

Seizures 

Diabetes 

Gl 

Cummins  (1988)" 

577  deaths 



56% 

6% 

— 

— 

— 

Cummins  (1989)" 

754 

4% 

11% 

7% 

4% 

2% 

12% 

Speizer  (1989)" 

260 

9% 

17% 

12% 

5% 

— 

11% 

Cottrell(1989)i« 

362 

29% 

19% 

10% 

4% 

3% 

— 

Hordinsky  (1989)" 

1,016  events 
13  deaths 

23% 

14% 
61% 

2% 

4% 

2% 

11% 

Skjenna  (1991)='' 

464 

pulmonary  disease.  Gl  ^ 

oastroinleslinal 

" 

51% 

10% 

7% 

12% 

COPD  =  chronic  obstructive 

(From  Reference  l.» 

Prescribing  Supplemental  Oxygen  for 
Commercial  Air  Flight 

Because  hypobaiic  hypoxia  is  believed  to  be  responsi- 
ble for  the  small  risk  of  in-flight  adverse  medical  events, 
supplemental  oxygen  has  been  recommended  for  travelers 
whose  P^o,  is  predicted  to  be  <  50  mm  Hg  at  cabin  alti- 
tude.' -*  Three  general  strategies  have  been  proposed  to 
predict  the  P^o,  value  at  8.000  feet  of  altitude:  ( 1 )  actually 
exposing  patients  to  hypobaric  hypoxic  conditions  (eg, 
ascending  to  8.000  feet  in  a  hypobaric  chamber,-'^-  by 
plane,  or  by  mountain  ascent);'*  (2)  administering  a  hy- 
poxic gas  mixture  to  simulate  the  F|o,  at  8,000  feet  (ie, 
15.1%  oxygen);-''--*  and  (3)  using  prediction  equations  or 
nomograms-'--''  derived  from  studies  using  hypoxic  inha- 
lation (ie.  hypoxic  hypoxia)  or  exposure  to  hypobaric  con- 
ditions (ie.  hypobaric  hypoxia).  Among  these  3  strategies, 
actual  measurement  of  P^q,  under  conditions  of  hypobaric 
hypoxia  is  used  infrequently,  being  confined  to  settings 
where  an  altitude  chamber  is  available  for  clinical  testing. 
In  a  technique  called  the  hypoxia  altitude  simulation  test, 
hypoxic  exposure  to  8,000  feet  equivalent  is  simulated  by 
having  the  patient  breathe  15.1%  oxygen.-^--*  As  an  alter- 
native method  of  creating  an  hypoxic  gas  mixture,  Vohra 


and  Klocke27  proposed  using  a  35%  Venti-mask  through 
which  high-flow  nitrogen  is  administered.  The  gas  mixture 
created  with  the  entrained  air  is  16.1%  oxygen,  allowing 
simulation  of  a  cabin  altitude  equivalent  to  approximately 
6,700  feet.  Advantages  of  this  air-entrainment  mask  tech- 
nique-' include  obviating  the  need  for  ordering  and  main- 
taining cylinders  of  15.1%  oxygen  and  providing  the  abil- 
ity to  titrate  supplemental  oxygen  through  a  nasal  cannula 
during  the  hypoxia  altitude  simulation  test. 

In  clinical  practice,  regression  equations  are  the  most 
frequently  used  strategy  to  predict  P^q,.  Table  5  presents 
the  regression  equations  from  available  series.  Notably, 
earlier  equations  contain  only  the  term  "room  air  P^q^  at 
ground  level"  as  the  independent  variable,-^  while  more 
recent  equations  contain  both  values  of  "room  air  P^q  at 
ground  level"  and  "FEV,"(or  "FEV|%  predicted"  or 
"FEV, /forced  vital  capacity"  as  independent  vari- 
ables).-'—-*^ A  recent  meta-analysis  of  pooled  data  from  5 
studies  evaluating  71  COPD  patients  suggested  yet  other 
regression  equations  (see  Table  5).-- 

For  the  clinician  planning  to  use  these  equations,  several 
important  practical  guidelines  and  resources  are  notewor- 
thy. First,  in  a  study  of  22  COPD  patients  expo.sed  to 
hypoxic  hypoxia.  Gong  et  aV-^  found  that  a  resting  room 
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Table  5.      Available  Equations  for  Predicting  In-Fligtit  Pao, 


Equation 


1 

P„o,  altitude 

2 

P„o,  altitude 

3 

P„o,  altitude 

4 

P^o,  altitude 

5 

R,o,  altitude 

6 

P.,o,  altitude 

0.84  +  (0.68)  R,o,  ground 

0.453  (R,o,  ground)  +  0.386  (FEV,  %  pred)  +  2.440 

IP        1    X   el'"^*^"'^'"    "   (().tXX)l9){h"EVi  '>i  pred)|(P|y^  ground  -   P^j^  altitude) 

0.294  [P,o,  SL]  +  0.086  [FEV,  %  pred]  +  23.21 1 
0.245  [P,o^  SL]  +  0.171  [FEV,/FVC  %  pred]  +  21.028 
0.238  [P,o,  SL]  +  20.098  [FEV,/FVC]  +  22.258 


0.94 

0.85 

0.92 

0.804 

0.828 

0.827 


r  =  correlation  coefficient. 

Pao,  =  arterial  partial  pressure  of  oxygen. 

SL  =  sea  level. 

FEV,  9(  pred  =  percent  of  predicted  forced  expiratory  volume  in  the  first  second. 

(Modified  from  References  21.  22,  and  26.) 


air  Pao,  <  72  mm  Hg  predicted  an  in-flight  Pj,q^  <  50  mm 
Hg  in  86.7%  of  subjects.  Conversely,  a  sea  level  P^q,  ^  72 
mm  Hg  makes  an  in-flight  P.,o,  <  50  mm  Hg  unlikely. 
Second,  computer-based  interactive  programs  are  avail- 
able that  make  calculation  of  in-flight  P^q,  easy.^^-^s  While 
these  regression  equations  and  "rules-of-thumb"  are  help- 
ful, several  cautions  about  their  use  are  also  noteworthy. 
First,  the  equations  require  validation  in  data  sets  other 
than  those  used  to  derive  the  equations.  Second,  use  of 
these  equations  should  be  restricted  to  the  types  of  patients 
included  in  the  derivation  studies.  Thus,  currently  avail- 
able regression  equations  do  not  apply  to  patients  with 
COPD  who  also  have  co-morbid  conditions  (eg,  anemia, 
cardiovascular  disease,  stroke),  hypercapnic  COPD,  or 
restrictive  lung  disease. ^'^s  Patients  with  such  condi- 
tions, for  whom  in-flight  oxygen  is  being  considered, 
should  undergo  testing  with  hypoxic  gas  mixtures  in 
order  to  determine  whether  in-flight  P,,o,  would  fall 
below  50  mm  Hg. 

Once  it  has  been  determined  that  the  patient's  in-flight 
Pao,  would  be  <  50  mm  Hg  and  supplemental  oxygen  is 
deemed  necessary,  the  requisite  liter  flow  of  supplemental 
oxygen  must  be  determined.  In  addressing  this  question, 
Cramer  et  al-*  studied  20  patients  with  lung  disease  (10 
with  obstructive,  10  with  restrictive)  needing  supplemental 
in-flight  oxygen,  and  reported  that  2  L/min  sufficed  to 
maintain  arterial  oxygen  saturation  (as  measured  via  pulse 
oximetry)  at  S:  90%  in  95%  of  subjects.  In  only  a  single 
study  subject  with  severe  obstructive  lung  disease  (ie,  FEV ,/ 
forced  vital  capacity  =  0.36,  diffusing  capacity  of  carbon 
monoxide  =  36%  predicted)  was  a  higher  liter  flow  (ie,  3 
L/min)  required. 

Finally,  for  patients  using  long-term  supplemental  oxy- 
gen at  home  who  plan  commercial  air  travel,  no  specific 
guidelines  exist  for  prescribing  in-flight  oxygen.  However, 
extrapolating  the  results  of  Cramer  et  aF'^  suggests  that  a 
2  L/min  increase  in  flow  will  generally  suffice  to  assure 
adequate  P.,o,  during  flight."  If  a  simulation  is  desired  to 
determine  the  needed  liter  flow,  the  hypoxic  inhalation  test 


described  by  Vohra  and  Klocke-''  can  be  used  while  sup- 
plemental oxygen  is  bled  in  at  increasing  flows  until  an 
adequate  saturation  level  is  achieved. 

Practical  Aspects  of  Flying  with 
Supplemental  Oxygen 

As  reviewed  previously'-  and  presented  in  Table  6, 
practical  aspects  of  planning  a  trip  with  in-flight  supple- 
mental oxygen  can  be  considered  in  4  phases:  ( 1 )  interac- 
tion with  a  physician,  (2)  interaction  with  a  commercial  air 
carrier  and/or  travel  agent,  (3)  personal  planning  for  the 
travel  day,  and  (4)  interaction  with  an  oxygen  vendor  (if 
supplemental  oxygen  is  required  upon  arrival).  New  infor- 
mation regarding  Phases  1  and  2  justify  discussion  here. 
Practical  details  regarding  Phases  3  and  4  are  described  in 
Table  6,  which  is  derived  from  an  earlier  review  in  Respi- 
ratory Care.' 

Interaction  with  a  Physician 

Interaction  with  a  physician  is  a  critical  aspect  of  plan- 
ning a  commercial  air  flight  with  supplemental  oxygen, 
because  medical  evaluation  is  required  to  ascertain  whether 
supplemental  oxygen  is  needed,  and.  if  so,  to  communicate 
this  need  to  the  commercial  air  carrier.  Indeed,  most  com- 
mercial air  carriers  require  a  letter  from  a  physician  stating 
the  traveler's  medical  condition  for  which  supplemental 
oxygen  is  needed,'-"*  and  both  the  liter  flow  and  duration 
of  in-flight  oxygen  needed.  As  an  alternative  to  the  phy- 
sician's letter,  the  International  Air  Transport  Association 
issues  a  Medical  Information  Form,  which  is  required  by 
some  air  carriers.  Also,  some  carriers'  medical  depart- 
ments issue  a  Frequent  Traveler's  Medical  Card,  which 
states  the  traveler's  fltness  to  fly  and  obviates  the  need  for 
a  physician  letter  with  each  flight,  but  requires  periodic 
review.  It  is  also  advisable  for  physicians  to  provide  backup 
copies  of  prescriptions,  an  emergency  supply  of  medica- 
tions (eg,  corticosteroids  or  antibiotics  in  the  event  of  a 
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Table  6.      Practical  Tips  for  Planning  Travel  for  the  COPD  Patient 

Interaction  with  physician 

•  Determine  whether  need  for  in-flight  oxygen  exists 

•  Get  multiple  copies  of: 

-letter  describing  condition 

-liter  flow  and  duration  of  in-flight  oxygen 

-medication  prescriptions 

•  Consider  emergency  supply  of  antibiotics,  corticosteroids 
Interaction  with  air  carrier/travel  agent 

•  Notify  of  need  for  oxygen  a  48  hours  before  flight 

•  Fly  nonstop  if  possible; 

-less  inconvenient 

-less  expensive  (especially  if  oxygen  cost  is  per  coupon) 

•  Travel  during  business  hours  so  vendor  personnel  are  available 

■  Pre-arrange  motorized  cart  or  wheelchair  if  layover  is  scheduled 

•  Try  to  be  seated  near  bathroom  on  plane 

•  Call  airiine  at  least  48  hours  before  flight  to  confirm 

•  Consider  using  a  travel  agent  specializing  in  travel  for  patients 
with  medical  needs 

Personal  planning  for  travel  day 

•  Arrive  at  least  1  Vz  hours  early: 

-Must  pay  for  oxygen  on  day  of  travel 
-Charge  structure  may  vary  (eg.  either  per  coupon  or  per 
container) 

•  Bring  your  own  nasal  cannula  and  extra  length  of  tubing 

•  Pack  medications  in  carry-on  luggage 

•  Have  multiple  copies  of  prescriptions 

■  If  oxygen  is  needed  for  layover  and  not  already  arranged,  first  aid 
stations  may  have  (35%  have  oxygen  available,  by  informal  poll) 

•  Have  cash  (to  pay  for  oxygen  if  needed) 
Interaction  with  oxygen  vendor 

•  Favor  a  company  that  has  or  can  arrange  nationwide  coverage 

•  Arrange  for  oxygen  during  layovers  (if  needed) 

■  Try  to  learn  the  type  of  system  that  will  be  supplied  (ie.  to  check 
adapters) 


COPD  =  chronic  obstructive  pulmonary  disease. 
(Modified  from  Reference  1.) 


traveler  is  to  call  well  in  advance  of  the  trip  (ie,  ideally 
weeks  before)  and  to  compare  .services  and  prices  among 
air  carriers  serving  the  intended  destination. 

As  evidence  of  the  significant  variation  in  oxygen  pol- 
icies and  services  among  commercial  air  carriers,  findings 
from  a  recently-conducted  telephone  survey  of  33  com- 
mercial air  carriers  listed  in  the  Cleveland,  Ohio,  Metro- 
politan Yellow  Pages  are  summarized  in  Table  7.^"  Oxy- 
gen was  offered  by  25  of  the  33  carriers  sampled  (76%) 
but  was  not  offered  by  8.  In  calls  made  by  respiratory 
therapists  posing  as  prospective  travelers  trying  to  arrange 
in-flight  oxygen,  the  mean  required  time  on  the  telephone 
was  9.96  minutes  (range  3-20  min)  with  placing  up  to  two 
calls  and  speaking  with  up  to  two  airline  representatives. 
Up  to  one  month  of  advance  notice  to  the  carrier  was 
required,  all  carriers  required  a  physician  letter,  and  both 
the  types  of  oxygen  equipment  provided  and  the  cost  to  the 
traveler  varied  greatly  (ie,  from  no  charge  up  to  $1 ,500  for 
a  "standard"  trip  of  6  hours  total  duration  using  a  flow  of 
2  L/min).  Because  airline  policies  regarding  supplemental  ox- 
ygen may  change  over  time,  the  traveler  is  advised  to  use  the 
data  in  Table  7  as  a  general  guideline,  but  to  obtain  updated 
information  by  directed  inquiry.  In  addition  to  several  printed 
resources,'*'"^^  a  web  site  (www.oxygen4travelers.com)  has  been 
promoted  by  the  American  Association  for  Respiratory  Care  as 
a  source  of  current  information  for  oxygen-using  travelers. 

Finally,  variability  in  airline  policy  and  the  resultant 
difficulty  of  arranging  in-flight  oxygen  for  travelers  has 
spurred  efforts  by  official  organizations  to  effect  policy 
reform.  Indeed,  efforts  to  standardize  airline  policy  and 
costs  and  to  enable  travelers  to  bring  Federal  Aviation 
Administration-approved  personal  portable  oxygen  supply 
systems  aboard  commercial  aircraft  have  been  undertaken 
by  the  American  Association  for  Respiratory  Care,  the 
American  Medical  Association,^''  and  the  National  Asso- 
ciation for  Medical  Direction  of  Respiratory  Care. 


COPD  exacerbation),  and  names  of  physicians  at  stopover 
and  final  destinations  in  the  event  that  medical  attention  is 
needed. 

Interacting  with  the  Air  Carrier  and/or  Travel  Agent 

In  the  context  that  standard  regulations  dictating  the 
provision  of  in-flight  oxygen  are  not  available,  there  is 
great  variation  between  carriers  regarding  whether  in-flight 
oxygen  is  provided  and,  if  so,  the  liter  flow  and  interface 
options  available.  Also,  the  cost  of  in-flight  supplemental 
oxygen  varies  widely  among  commercial  air  carriers.  Im- 
portantly, the  cost  of  in-flight  supplemental  oxygen  is  borne 
by  the  traveler,  even  if  the  traveler  is  eligible  for  Medicare 
reimbursement  for  long-term  supplemental  oxygen  at  home. 
Given  the  variation  among  carriers,  general  advice  for  the 


Summary 

In  summary,  the  environmental  stresses  of  commercial  air 
travel  and  the  possibility  of  altitude-induced  adverse  events 
during  flight  suggest  the  importance  of  evaluating  pro- 
spective air  travelers  with  chronic  pulmonary  disease  for 
in-flight  supplemental  oxygen  needs.  Although  gaps  exist 
in  current  understanding  of  the  risks  of  air  travel  and  op- 
timal ways  of  predicting  the  need  for  in-flight  oxygen, 
respiratory  clinicians  can  use  available  techniques  to  as- 
sess travelers'  in-flight  oxygen  needs  in  many  instances. 
Significant  current  variation  among  commercial  air  carri- 
ers in  policies  regarding  providing  oxygen,  related  equip- 
ment, and  the  cost  of  in-flight  oxygen  poses  challenges  to 
the  prospective  air  traveler  and  warrants  attention. 
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Table  7.      Summary  of  Features  Regarding  Arranging  In-Flight  Oxygen  for  33  Commercial  Carriers  Sampled 


Carrier 


Permits 
O,? 


Total 

Number 

Number 

Advance 

MD         Charge  for 

Telephone 

of  Calls 

of  People 

Notice 

Notification  a  "Standard 

Time  (min) 

Required 

Spoken  To 

Required 

Needed?        Trip"* 

Devices 
Available 


Liter 

Flow 

Options 


International 


KLM  Royal  Dutch 

Yes 

10 

1 

1 

1  wk 

Yes 

0 

simple 

mask,  NC 

2  or  10 

3 

China  Airlines 

Yes 

15 

2 

2 

1  wk 

Yes 

0 

NC 

1-6 

2 

Emirates 

Yes 

10 

2 

72  h 

Yes 

0 

NC 

2 

3 

Air  Afrique 

Yes 

10 

2 

1  wk 

Yes 

$64 

NC 

2-4 

2 

BWIA 

Yes 

8 

1 

1  wk 

Yes 

$80 

NC 

2,4,6 

2 

Qantas 

Yes 

5 

2 

72  h 

Yes 

$100 

venti-mask. 

1-15 

1 

simple 

mask,  NC 

Air  Ontario 

Yes 

8 

1 

48  h 

Yes 

$120 

NC 

1  or  4 

3 

British  Air 

Yes 

15 

2 

48  h 

Yes 

$150 

NC 

2  or  4 

4 

Lufthansa 

Yes 

20 

2 

72  h 

Yes 

$150 

NC 

2-8 

2 

Japan 

Yes 

6 

1 

1  mo 

Yes 

$250 

NC 

2 

4 

Canadian  International 

Yes 

9 

2 

2 

48  h 

Yes 

$260 

NC 

2  or  4 

4 

Mexicana 

Yes 

8 

1 

72  h 

Yes 

0 

NC 

Any 

3 

Swiss  Air 

Yes 

5 

1 

1  wk 

Yes 

$274 

NC 

2-6 

4 

Singapore 

Yes 

4 

1 

2  wk 

Yes 

$1,100 

NC 

2-A 

4 

Alitalia 

Yes 

12 

2 

72  h 

Yes 

$1,500 

NC 

6 

4 

Aerolineas 

No 

1 

— 

— 

— 

— 

— 

— 

5 

Finn  Air 

No 

1 

1 

— 

— 

— 

— 

— 

5 

Korean 

No 

3 

1 

— 

— 

— 

— 

— 

5 

Phillippine 

No 

2 

1 

— 

— 

— 

— 

— 

5 

Saudi  Arabian 

Yes 

6 

2 

3 

72  h 

Yes 

0 

NC 

2-A 

2 

Scandinavian 

Yes 

5 

1 

1 

3^  wk 

Yes 

0 

NC 

2-4 

4 

South  African 

Yes 

6 

2 

2 

3-4  wk 

Yes 

0 

NC 

2-4 

4 

United  States-based 


America  West 

No 

10 

2 

2 

5 

Delta 

Yes 

18 

2 

2 

72  h 

Yes 

$100 

NC 

2-8 

2 

Midwest  Express 

No 

5 

1 

1 

5 

United 

Yes 

15 

2 

2 

48  h 

Yes 

$100 

NC 

2,4,6 

3 

American 

Yes 

10 

2 

2 

48  h 

Yes 

$150 

NC 

2  or  4 

4 

TWA 

Yes 

7 

2 

2 

48  h 

Yes 

$150 

NC 

2-8 

4 

Continental 

Yes 

16 

1 

2 

48  h 

Yes 

$200 

NC 

2-4 

3 

US  Air+ 

Yes 

10 

2 

2 

72  h 

Yes 

$120 

simple  mask,  NC 

2,4,6 

2 

Northwest 

Yes 

15 

1 

2 

48  h 

Yes 

$150 

simple  mask,  NC 

2-8 

3 

Southwest 

No 

3 

1 

1 

— 

— 

— 

— 

5 

Skyway 

ates  do 

No 

lars. 

3 

1 

1 

5 

•Based  on  1997  United  S 

tSee  lexl  for  explanation. 

$Now  US  Airways. 

NC  =  nasal  cannula. 

(From  Reference  30.  with 

permission.) 
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Discussion 

Maclntyre:  Jamie,  this  is  just  a  tech- 
nical kind  of  issue.  When  the  airhnes 
supply  a  tank,  do  they  bolt  it  to  the 
seat,  or  do  you  have  to  buy  an  extra 
seat?  A  seat  belt?  How  does  it  work? 

Stoller:  That  is  variable,  but  in  gen- 
eral, they  have  tanks  that  have  been 
pressure-tested.  They  secure  them  in 
an  under-seat  carriage.  Lufthansa  does 
this  by  oxygen  concentrators  under  the 
seat,  which  is  the  same  strategy  as  used 


for  military  air  transport.  Obviously, 
this  can  technically  be  done,  and  we"  ve 
seen  examples  in  various  talks  during 
this  meeting  in  which  concentrators 
can  be  provided.  So  there  are  other 
strategies,  but  in  general  it's  by  pres- 
surized gas  in  an  undercarriage  secured 
to  the  seat. 

Maclntyre:  I  got  my  start  in  pul- 
monary physiology  from  being  a  flight 
surgeon.  My  first  job  was  to  study  the 
pulmonary  function  effects  of  a  mo- 
lecular sieve  attached  to  the  back  of 


the  jet  engine  that  functioned  as  an 
oxygen  concentrator  for  military  pi- 
lots. We  found  it  actually  worked  very 
well.  The  gas  also  contained  4%  ar- 
gon. Although  people  were  worried 
about  that,  the  small  amount  of  inert 
gas  actually  helped;  it  prevented  atel- 
ectasis during  high-G-force  maneu- 
vers. 

Benditt:  I  find  it  easier  to  set  up 
home  mechanical  ventilation  for  patients 
than  to  do  this. Wasn't  there  a  trial 
looking  at  the  outcomes?  Obviously, 
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there  are  a  lot  of  data  out  there,  but 
does  it  really  affect  the  outcome? 

Stoller:  That's  exactly  the  right 
question.  There  is  reasonable  concor- 
dance among  most  of  the  official  so- 
cieties that  have  commented  on  the 
need  for  in-flight  oxygen  and  about 
the  criteria  for  predicting  in-flight  P.,o,. 
But  there  is  precious  little  information 
that  clearly  shows  increased  risk  to 
these  individuals.  So  it's  a  murky  area. 


O'Donohue:  Representing  the  Na- 
tional Association  for  Medical  Direc- 
tion of  Respiratory  Care,  we  met  in 
Washington,  DC,  a  few  years  ago  with 
the  Department  of  Transportation,  the 
Federal  Aviation  Administration,  and 
representatives  from  almost  all  the  air- 
lines, as  well  as  industry.  Everybody 
agreed  with  the  concept,  whereby 
when  oxygen  was  prescribed  the  pa- 
tient could  pick  up  a  sealed  system  for 
oxygen  delivery  (probably  one  with  a 


conserving  device)  that  they  could 
carry  from  the  beginning  of  their  flight 
to  the  end.  This  would  allow  patients 
to  use  oxygen  between  flights  when 
there  may  be  3-4-hour  delays  in  air- 
ports. Everyone  agreed  that  it  could 
be  done.  The  airlines  thought  it  was  a 
great  idea.  The  industry  said  they  had 
no  problem  shipping  the  devices  back 
and  forth.  Then,  soon  after  this  meet- 
ing, the  ValueJet  accident  occurred, 
and  everything  stopped,  unfortunately. 
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Introduction 

When  appropriately  prescribed  and  correctly  used,  long- 
term  oxygen  therapy  (LTOT)  represents  an  important  clin- 
ical tool  for  the  effective  management  of  chronic  hypox- 
emia secondary  to  chronic  obstructive  pulmonary  disease 
(COPD).'  -  LTOT  improves  survival  and  quality  of  life  of 
COPD  patients,  and  does  so  in  a  highly  favorable  cost- 
benefit  ratio.'  However,  the  benefits  of  home  oxygen  ther- 
apy are  not  realized  without  a  steep  price.  For  example,  in 
the  United  States,  the  Health  Care  Financing  Administra- 
tion (HCFA)  recently  reported  that  total  Medicare  expen- 
ditures for  home  oxygen  equipment  in  1997  and  1998 
were  $1.7  billion  and  $1.3  billion,  respectively,  with  the 
lower  figure  for  1998  a  direct  result  of  the  implementation 
of  drastic  cuts  in  Medicare  reimbursement  for  home  oxy- 
gen equipment  mandated  in  the  Balanced  Budget  Act  of 
1997.-'  As  a  percentage  of  total  Medicare  expenditures  for 
durable  medical  equipment,  LTOT  represented  36%  in 
1997,  decreased  to  28%  in  1998,  again  as  a  direct  result  of 
mandated  cuts  in  the  monthly  reimbursement  rate.  Table  1 
summarizes  the  latter  figures. 

In  1997,  home  medical  and  respiratory  therapy  (HME/ 
RT)  equipment  providers  were  paid  an  average  of  $300 
per  month  to  provide  home  oxygen  therapy,  regardless  of 
whether  the  stationary  equipment  was  an  oxygen  concen- 
trator or  liquid  oxygen  system.  This  indeed  represents  a 
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very  expensive  undertaking.  At  this  writing,  because  of 
Medicare  cutbacks,  the  monthly  payment  is  now  in  the 
$240  range,  and  even  with  this  30%  reduction  there  are 
still  those  who  continue  to  question  the  overall  cost-effec- 
tiveness and  affordability  of  LTOT.  Ironically,  the  relent- 
less focus  on  the  size  of  the  annual  expenditure  for  home 
oxygen  therapy,  especially  that  portion  paid  by  Medicare, 
clouds  and  sometimes  all  but  obfuscates  the  cost-savings 
being  realized  by  reduced  utilization  of  acute  and  emer- 
gency care  services  by  COPD  patients  whose  chronic 
hypoxemia  is  effectively  managed  with  home  oxygen  ther- 
apy.' The  apparent  disconnect  between  recognizing  the 
cost-savings  realized  through  reduced  hospitalization  at 
the  expense  of  paying  for  LTOT  is  no  doubt  the  result  of 
having  Medicare  payments  for  acute  hospital  care  and  for 
home  oxygen  equipment  provided  by  two  separate  parts  of 
the  Medicare  Program,  Part  A  and  Part  B.  With  COPD 
firmly  entrenched  as  the  fourth  leading  cause  of  death  in 
the  United  States,  claiming  107,170  deaths  in  1997,  and 
with  more  than  95,000  new,  first-time  patients  being  di- 
agnosed with  COPD  each  year,  the  debate  over  the  cost- 
benefit  of  home  oxygen  therapy  is  not  likely  to  be  resolved 
any  time  soon.* 

Number  of  Long-Term  Oxygen  Therapy  Patients  in 
the  United  States 

Regrettably,  an  exact  figure  for  the  actual  number  of 
individuals  in  the  United  States  currently  receiving  home 
oxygen  therapy  continues  to  remain  elusive.  Previous  es- 
timates ranged  from  a  high  of  800,000  individuals  to  a  low 
of  537,225.  with  additional  uncertainty  from  the  fact  that 
each  estimate  was  for  a  different  calendar  year.  The  800,000 
number  was  originally  suggested  in  1988  by  O'Donohue 
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Table  1.      Tolal  Medicare  Payments  for  DME  and  LTOT* 


1997 

1998 

Total  DME 
Total  LTOT 
LTOT  %  of  DME 

$4.7  billion 
$1.7  billion 
36% 

ancing  Administralion.  Office  of  Information  Servi 
equipment:  LTOT  =  long-term  oxygen  tlierapy. 

$4.5  billion 
$1.3  billion 
28% 

♦Source:  Health  Care  Kin 
DME  =  durable  medical 

ices.-" 

Table  2.      Medicare  Expenditures  for  Home  Oxygen  Eqiiiptiient. 
1997-1998* 


and  was  extrapolated  from  data  provided  by  the  Congres- 
sional Budget  Office  and  a  few  large  home  care  compa- 
nies.^ However,  O'Donohue  and  Plummer  later  revised 
this  estimate,  using  data  provided  by  the  HCFA  regarding 
the  number  of  claims  paid  for  home  oxygen  equipment 
during  1993.**  Through  their  analysis  of  these  claims  data, 
O'  Donohue  and  Plummer  estimated  that  there  were  394,780 
Medicare  patients  using  oxygen  concentrators  in  1993. 
Further,  because  80%  of  Medicare  patients  were  found  to 
receive  their  home  oxygen  from  concentrators  during  that 
period,  the  total  Medicare  population  for  all  home  oxygen 
was  calculated  to  be  493,500.''  Finally,  it  is  also  assumed 
that  Medicare  covers  up  to  80%  of  all  patients  in  the  United 
States  using  home  oxygen  therapy.  Thus,  the  total  estimated 
number  of  home  oxygen  patients  in  1993  was  616,000. 

A  more  recent  attempt  to  estimate  the  population  of 
LTOT  users  was  reported  by  Silverman  et  al.'"  Using  the 
HCFA  National  Claim  History  System  5%  Physician  Sup- 
plier File  for  1991  and  1992,  Silverman  et  al  found  that 
21,489  Medicare  beneficiaries  in  the  sample  had  claims 
filed  for  home  oxygen  equipment  in  1991 .  This  5%  figure, 
when  projected  to  the  population  of  Medicare  beneficiaries, 
yielded  an  estimate  of  429.780  Medicare  LTOT  users  in  1 99 1 . 
Applying  the  aforementioned  80%  rule,  this  would  in  tum 
suggest  537,225  total  home  oxygen  users  nationwide. 

In  an  effort  to  determine  if  either  the  O'Donohue/Plum- 
mer  estimate  or  the  Silverman  estimate  could  serve  as  a 
barometer  for  more  contemporary  estimates,  the  author 
used  recently-reported  Medicare  expenditure  data  and  at- 
tempted calculations  from  a  different  approach.  As  men- 
tioned. Medicare  reported  total  expenditures  for  all  sta- 
tionary home  oxygen  equipment  (concentrators  and  liquid 
systems)  in  1997  to  be  $1.7  billion  (Table  2).  If  it  is 
assumed  the  average  monthly  Medicare  payment  in  1997 
for  home  oxygen  was  $260  (80%  of  the  1997  monthly 
allowable  of  $328),  an  annual  cost  per  beneficiary  of  $3, 1 20 
is  calculated.  Dividing  the  annual  estimated  cost  per  Medi- 
care beneficiary  into  the  total  Medicare  expenditures  for 
home  oxygen  therapy  equipment,  we  find  the  total  number 
of  Medicare  patients  to  be  570,206.  Using  the  80%  rule, 
we  then  calculate  the  total  number  of  users  of  home  oxy- 
gen in  1997  to  be  712,758. 

In  1998,  total  annual  Medicare  expenditures  for  all  sta- 
tionary home  oxygen  equipment  were  $1.3  billion  and 


Equipment 


1997 


1998 


Oxygen  concentrator  <  2  L/inin 
Oxygen  concentrator  2-3  L/min 
Oxygen  concentrator  3-4  L/min 
Oxygen  concentrator  4-5  L/min 
Oxygen  concentrator  >  5  L/min 
Stationary  liquid  .system 
Total  all  stationary 


398,231.135 
359.693.760 
192.216.297 
517.398.440 
94,543,316 
216,971,393 
1.779.044.341 


310,074,491 
275.819.498 
141.706.7.39 
455.917.433 
65,045,933 
146,252,134 
1.394.816.228 


*Source:  Health  Care  Financing  Administration,  Office  of  Information  SeiA'ices.'^ 
LTOT  =  long-term  oxygen  therapy. 


reflected  the  25%  cut  mandated  by  the  Balanced  Budget 
Act  of  1997.  The  average  monthly  Medicare  payment  in 
1998  was  $196  ($2,352  annually).  Using  the  same  for- 
mula, we  now  calculate  the  total  number  of  Medicare  pa- 
tients receiving  LTOT  in  1998  to  be  593,034  and  the  total 
patient  population  to  be  741,292.  Table  3  summarizes  the 
numbers  for  the  4  different  estimations. 

Missing  from  the  above  estimates  is  the  fact  that  during 
each  year  a  percentage  of  LTOT  users  stop  using  home 
oxygen,  primarily  as  a  result  of  death.  No  doubt  a  signif- 
icant number  of  the  107,000  reported  annual  deaths  in 
1997  from  COPD  were  LTOT  users.  However,  when  Sil- 

Table  3.      Estimates  of  Number  of  LTOT  Users  in  the  United  States 


Author 


Silverman'" 


O'Donohue 
Plummer*  '' 


Dunne 


Dunne 


Year 

1991 

1993 

1997 

1998 

Total 

429.780 

493.500 

570.206 

593,034 

Medicare 

Total  all 

537.225 

6I6.(X)0 

7 1 2.758 

741.292 

LTOT 

LTOT  =  long-term 

oxygen  therapy. 

verman  et  al  compared  1991  data  with  1992.  they  esti- 
mated that  there  were  approximately  128,000  new  Medi- 
care LTOT  users  in  that  year.'"  Based  on  those  data,  it  is 
likely  that  there  is  a  slight  net  increase  in  the  total  number 
of  LTOT  users  in  the  United  States  each  year,  which  would 
further  support  the  more  recent  estimate  of  approximately 
700,000, 

The  differences  between  Silverman's  estimate  of  537, 225 
LTOT  users  in  1991,  O'Donohue  and  Plummer's  estimate 
of  616,000  users  in  1993,  and  the  proposed  1998  estimate 
of  741,292  users  do  point  out  the  difficulty  of  attempting 
to  "back  into"  an  actual  number  of  LTOT  users  in  the 
United  States,  However,  it  is  probably  .safe  to  assume  that 
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these  numbers  reflect  a  reasonable  range  and  are  appro- 
priate for  a  discussion  of  the  economic  impact  of  this 
important  yet  expensive  therapy. 

Incidence  of  Long-Term  Oxygen  Therapy  Usage 

At  more  than  $1.6  billion  per  year,  annual  expenditures 
for  home  oxygen  therapy  in  the  United  States  far  exceed 
what  is  spent  in  other  countries.  Further,  the  incidence  of 
usage  in  the  United  States  is  likewise  well  beyond  what  is 
found  in  other  countries.  For  example,  the  reported  inci- 
dence in  France  is  26  per  100.000;  in  England  it  is  20  per 
100.000;  in  Japan  it  is  19  per  100.000,  and  in  Canada  it  is 
60  per  100.000."  However,  in  the  United  States  the  inci- 
dence of  usage  is  a  staggering  241  per  100.000.  with  more 
patients  having  received  LTOT  in  the  United  States  than  in 
all  other  countries  combined.'  This  gives  rise  to  specula- 
tion about  the  cause  for  such  a  high  degree  of  utilization. 
It  could  well  be  that  there  simply  is  a  much  higher  per 
capita  incidence  of  chronic  hypoxemia  in  the  United  States. 
Possibly  some  of  the  home  oxygen  therapy  that  is  pre- 
scribed is  medically  unnecessary,  but  given  the  current 
restrictive  coverage  and  reimbursement  guidelines  for 
LTOT.  it  is  unlikely  that  much  home  oxygen  is  being 
prescribed  in  an  inappropriate  manner.  Coverage  and  re- 
imbursement criteria  are  now  firmly  established  and  in- 
clude very  specific  laboratory  documentation  of  the  need 
for  supplemental  oxygen  through  the  direct  measurement 
of  arterial  oxygen  tension  or  oxyhemoglobin  saturation. '  -" 
Although  these  guidelines  for  coverage  and  payment,  which 
are  very  similar  to  criteria  followed  in  the  Nocturnal  Ox- 
ygen Therapy  Trial  (NOTT),  were  originally  established 
for  the  Medicare  program,  they  are  now  almost  universally 
used  by  Medicaid,  the  Department  of  Veterans  Affairs 
(VA),  and  most  commercial  health  plans.  It  is  therefore 
unlikely  that  there  is  a  significant  volume  of  home  oxygen 
therapy  inappropriately  prescribed,  because  payment  would 
not  be  forthcoming  without  sufficient  proof  that  estab- 
lished coverage  criteria  are  satisfied. 

In  an  attempt  to  explain  the  high  LTOT  usage  in  the 
United  States,  O'Donohue  and  Plummer  offered  the  fol- 
lowing reasons.**  First,  arterial  blood  gas  analysis  and  oxy- 
hemoglobin saturation  measurements  are  more  commonly 
obtained  in  patients  with  COPD.  Second,  patients  for  LTOT 
are  being  identified  earlier.  Third,  there  is  a  greater  aware- 
ness of  the  benefits  of  LTOT  on  the  part  of  physicians  and 
other  health  care  providers.  Fourth,  there  is  a  wide  avail- 
ability of  HME/RT  equipment  providers  eager  to  supply 
oxygen  equipment.  Fifth,  reimbursement  is  readily  avail- 
able for  most  patients  who  satisfy  coverage  criteria  for 
LTOT. 

O'Donohue  and  Plummer  are  probably  correct  in  the 
reasons  they  put  forth  to  help  explain  the  inordinately  high 
usage  of  LTOT  in  the  United  States.  However,  one  could 


also  argue  that  major  impetus  for  high  LTOT  usage  has 
more  to  do  with  the  relentless  sales  and  marketing  efforts 
of  the  various  home  care  companies  who  have  historically 
realized  a  major  percentage  of  their  annual  revenues  from 
home  oxygen  reimbursement.  With  more  than  108,000 
Medicare  Supplier  Numbers  issued  nationwide,  there  is 
certainly  no  shortage  of  HME/RT  providers.'-*  It  is  impor- 
tant to  realize  that  most,  if  not  all,  HME/RT  providers, 
whether  they  be  small  privately  owned,  or  large  publicly- 
traded  companies,  are  structured  and  operate  as  for-profit 
entities.  This  is  in  sharp  contrast  to  Medicare-certified 
home  health  agencies,  many  of  which  are  established  as 
not-for-profit  entities.  For-profit  companies,  especially 
large  national  or  regional  HME/RT  providers,  are  driven 
by  the  recurrent  need  to  increase  annual  revenues  and 
profitability,  and  for-profit  home  care  companies  deliver 
more  services  than  do  their  not-for-profit  counterparts. '^ 
Further,  physician  ownership  of  home  care  companies  has 
likewise  been  shown  to  result  in  higher  utilization,"'  al- 
though Medicare  largely  banned  physician  ownership  of 
HME/RT  companies  in  1995. 

Historically,  Medicare  oxygen  payments  could  account 
for  as  much  as  60-70%  of  the  total  revenues  of  an  HMIE/RT 
provider.  Accordingly,  HME/RT  companies  have  tended 
to  focus  on  product  lines  believed  to  have  good  profit 
margins.  Oxygen  concentrators,  which  minimize  resupply, 
distribution,  and  maintenance  costs,  have  been  highly  prized 
in  this  regard.  It  is  little  wonder  then  that  many  of  the 
larger  HME/RT  providers  have  very  lucrative  compensa- 
tion packages  for  their  sales  associates  based  on  the  num- 
ber of  new  Medicare  oxygen  referrals  obtained  each  month. 
The  increased  awareness  of  the  benefits  of  LTOT  on  the 
part  of  physicians,  especially  nonpulmonologists,  is  thus 
more  likely  attributable  to  the  tenacity  of  a  highly  moti- 
vated and  skilled  sales  force  than  to  any  other  source. 

Another  potential  explanation  for  the  unusually  high 
number  of  LTOT  patients  in  the  United  States  may  be  the 
manner  in  which  Medicare  reimburses  for  home  oxygen 
equipment.  Once  a  Medicare  beneficiary  qualifies  for  LTOT 
coverage  by  showing  a  resting,  room  air,  arterial  oxygen 
tension  <  55  mm  Hg  or  oxyhemoglobin  saturation  ^  88%, 
and  the  required  documentation  is  accurately  completed 
(HCFA  Form  494  -  Certificate  of  Medical  Necessity:  Ox- 
ygen), monthly  payments  for  the  rental  of  the  oxygen  equip- 
ment are  nothing  short  of  automatic.  In  fact,  with  the  ad- 
vent of  electronic  claim  submission  it  is  literally  through 
several  strikes  of  a  computer  keyboard  that  claims  are 
forwarded  each  month  to  the  Medicare  carrier  for  process- 
ing. With  over  80%  of  all  claims  for  LTOT  submitted 
electronically,  this  ease  of  obtaining  reimbursement  can- 
not be  discounted  (Health  Care  Financing  Administration, 
Office  of  Financial  Management,  Baltimore,  MD.  May 
1999,  personal  communication).  There  are  virtually  no  re- 
quirements for  subsequent  reassessment  of  the  ongoing 
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medical  need  for  LTOT  nor  any  requirement  that  contin- 
ued compliance  witii  the  treating  physician's  prescription 
be  verified  as  a  condition  of  continuing  coverage.  This  is 
especially  troublesome  because  there  is  now  ample  evi- 
dence that  continued  compliance  with  the  original  pre- 
scription for  LTOT  is  not  uniformly  assured. 

Are  Long-Term  Oxygen  Therapy  Patients 
Compliant? 

In  spite  of  the  abundance  of  scientifically  validated  stud- 
ies demonstrating  the  positive  impact  of  LTOT  on  survival 
and  quality  of  life  for  chronically  hypoxemic  COPD  pa- 
tients, there  is  a  growing  concern  about  the  overall  degree 
of  sustained  adherence  to  the  treating  physician's  prescrip- 
tion. Though  no  studies  have  been  reported  in  the  United 
States,  several  have  been  carried  out  in  other  countries.  In 
the  United  Kingdom,  Walshaw  et  al  studied  67  patients 
receiving  LTOT  via  oxygen  concentrator,  and  found  that 
only  55%  were  using  oxygen  therapy  correctly.'^  Also  in 
the  United  Kingdom,  Howard  et  al  evaluated  531  LTOT 
patients  who  were  prescribed  oxygen  concentrators,  and 
reported  that  50%  of  the  patients  were  not  using  the  equip- 
ment at  the  level  at  which  clinical  benefit  could  be  expect- 
ed.'^ Pepin  et  al  studied  930  LTOT  users  in  France,  and 
observed  that  only  45%  achieved  therapy  for  15  hours  or 
more  per  day.'**  In  a  Spanish  study  of  62  LTOT  users, 
Granados  et  al  reported  an  astounding  69%  noncompli- 
ance rate,  although  these  researchers  also  reported  that 
only  36  of  the  62  users  (58%)  had  what  was  identified  as 
an  "appropriate  prescription. "2"  Shiner  et  al  evaluated  63 
LTOT  users  in  Israel,  and  found  that  only  33%  used  LTOT 
in  the  12-24  hours  per  day  range. ^i  Finally,  Farrero  et  al 
studied  128  LTOT  patients  in  Spain,  and  found  that  LTOT 
use  was  appropriate  in  only  26%.^^  Table  4  summarizes 
the  results  of  these  studies. 

Several  reasons  for  such  poor  compliance  have  been 
proffered.  Pepin  et  al  suggest  that  a  primary  contributing 
factor  is  the  failure  of  the  prescribing  physician  to  ade- 
quately inform  the  patient  beforehand  of  the  expected  us- 
age. '*  Kampelmacher  et  al  evaluated  surveys  received  from 


Table  4.      Results  of  Adherence/Compliance  Studies  for  LTOT 


Year 

Researcher 

Country 

Users  (n) 

Rate  (%) 

1988 

Walshaw" 

United  Kingdom 

67 

.55 

1992 

Howard'" 

United 

Kingdom 

531 

50 

1996 

Pepin'" 

France 

930 

45 

1997 

Granados'" 

Spain 

62 

31 

1997 

Shiner^' 

Israel 

63 

33 

1998 

Farrero-^ 

Spain 

Ihcrapy. 

128 

26 

LTOT- 

long-term  oxygen 

528  LTOT  users  in  the  Netherlands,  and  reported  that  the 
most  common  complaint  contributing  to  noncompliance 
was  restricted  autonomy. ^^  Along  the  same  lines.  Ring  and 
Danielson  expressed  concern  over  the  social  isolation  they 
witnessed  during  their  study  of  a  relatively  small  number 
of  LTOT  users  in  Sweden.--*  Weitzenblum,  cominenting 
on  the  work  of  Pepin,  believes  that  LTOT  is  often  poorly 
prescribed  and  therefore  provided  inappropriately.-''  On 
the  other  hand,  Farrero  et  al  argue  that  a  lack  of  follow-up 
through  structured  home  visits  and  ambulatory  care  is  the 
contributing  factor.-^  The  issue  of  LTOT  noncompliance 
represents  a  very  serious  challenge,  especially  in  the  United 
States,  where  efforts  abound  to  further  reduce  the  monthly 
Medicare  reimbursement  for  LTOT  equipment. 

Optimizing  Long-Term  Oxygen  Therapy  Usage 

The  continued  willingness  of  health  plans,  including 
Medicare,  to  fund  LTOT  will  depend  on  several  issues, 
foremost  of  which  will  be  evidence  that  the  therapy  is 
being  used  appropriately  and  that  the  results  are  medically 
justifiable.  Appropriate  use  means  that  LTOT  is  prescribed 
for  use  as  close  to  24  hours  per  day,  7  days  per  week,  as 
possible,  and  that  the  patient  receives  a  clear  and  concise 
message  from  the  physician  on  the  importance  of  adhering 
to  this  prescription  from  the  time  therapy  is  started. 
HME/RT  providers  must  reinforce  this  message  at  each 
opportunity,  starting  with  the  education  and  training  that 
accompanies  the  initial  delivery  and  setup  of  the  oxygen 
equipment.  Further,  HME/RT  providers  must  assume  a 
more  proactive  role  in  monitoring  continued  patient  com- 
pliance, and  work  closely  with  the  prescribing  physician  if 
and  when  it  is  determined  that  compliance  has  fallen  off. 
Currently,  as  a  result  of  drastic  cuts  in  reimbursement  and 
improvements  in  technology,  HME/RT  providers  are  sched- 
uling fewer  home  service  visits  and  tend  to  focus  more  on 
equipment  performance  than  on  patient  compliance.  It  may 
well  be  time  to  seriously  consider  the  possibility  that  LTOT 
will  be  terminated  in  those  situations  when  continued  non- 
compliance is  detected. 

In  terms  of  medical  justification,  it  may  also  be  time  to 
require  a  periodic  reassessment  of  the  clinical  impact  of 
LTOT  and  to  link  this  reassessment  to  continued  coverage 
and  reimbursement.  If,  as  has  been  suggested  by  Tiep  and 
Celli,  as  many  as  20-40%  of  hypoxemic  COPD  patients 
who  initially  qualify  for  LTOT  may  no  longer  ineet  cov- 
erage criteria  after  one  month  of  therapy,  the  idea  of  pe- 
riodically reassessing  the  need  for  LTOT  warrants  se- 
rious consideration. -''•27  However,  if  and  when  resting, 
ambient  air,  arterial  oxygen  tension  returns  to  >  60  mm 
Hg  following  a  regimen  of  LTOT,  close  follow-up  is 
essential  if  a  decision  is  made  to  discontinue  the  oxy- 
gen.-** 

Respiratory  therapists  employed  by  HME/RT  providers 
could  easily  assume  an  expanded  role  in  this  area  and 
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provide  the  prescribing  physician  with  specific  and  impor- 
tant information  on  a  regular  basis.  However,  under  the 
current  system,  because  of  concerns  over  program  integ- 
rity, HME/RT  Medicare  prohibits  providers  from  provid- 
ing laboratory  evidence  of  eligibility  for  coverage.'^  Thus, 
any  expanded  role  of  HME/RT  providers  in  measuring 
blood  oxygen  levels  and  using  these  results  to  determine 
continued  eligibility  for  coverage  would  require  revision 
of  Medicare  regulations.  It  is  unfortunate  that  many  highly 
qualified  and  reputable  respiratory  therapists  and  their  em- 
ployer providers  are  limited  by  archaic  Medicare  policy 
from  developing  innovative  home  monitoring  and  assess- 
ment programs  that  could  greatly  improve  the  link  be- 
tween the  prescribing  physician  and  the  patient  suffering 
from  COPD-induced  chronic  hypoxemia. 

Last,  it  is  important  that  the  continuing  debate  over  the 
cost-effectiveness  and  economic  contribution  of  LTOT  not 
lead  to  the  neglect  of  other  proven  treatment  interventions 
for  COPD.-''  Pharmacologic  therapy,  airway  clearance  ther- 
apy, and  exercise  conditioning  have  all  been  recognized  as 
essential  adjuncts  to  LTOT,  and  should  not  be  relegated  to 
a  secondary  position  or  ignored.'"'""  Unfortunately,  LTOT 
tends  to  draw  the  majority  of  the  attention,  no  doubt  be- 
cause of  the  size  of  the  annual  expenditure  for  this  therapy. 
it  is  probably  safe  to  assume  that  a  successful  program  of 
LTOT  is  more  the  result  of  a  combination  of  several  proven 
therapies  administered  on  a  consistent  basis  than  simply 
the  effect  of  LTOT  alone.  Future  decisions  over  who  will 
pay  for  and  who  will  be  eligible  for  LTOT  should  be  made 
in  the  context  of  what  constitutes  the  most  appropriate 
approach  to  manage  COPD  and  the  concomitant  chronic 
hypoxemia. 

Summary 

Home  oxygen  therapy  represents  a  scientifically  vali- 
dated and  universally  accepted  therapeutic  regimen  for  the 
treatment  of  chronic  hypoxemia  secondary  to  COPD.  The 
clinical  benefits  of  home  oxygen,  including  a  decrease  in 
morbidity  and  often  a  concomitant  increase  in  the  quality 
of  life  have  been  repeatedly  confirmed  through  rigorous 
worldwide  trials,  studies,  and  investigations.  However, 
since  home  oxygen  is  an  expensive  treatment  modality, 
important  questions  continue  to  be  raised  about  the  overall 
cost-benefit  of  the  intervention.  Such  scrutiny  is  expected 
to  continue,  especially  in  the  United  States,  as  the  entire 
issue  of  health  care  cost-containment  remains  atop  the 
domestic  political  agenda. 

Providers  of  home  oxygen  therapy  have  traditionally 
realized  quite  favorable  reimbursement  for  home  oxygen 
equipment,  especially  for  those  patient-customers  covered 
under  the  Medicare  program.  However,  recent  Medicare 
reimbursement  reductions  of  more  than  30%  have  raised 
serious  questions  about  the  ability  of  home  oxygen  pro- 


viders, especially  those  with  annual  revenues  less  than  $1 
million,  to  sustain  their  historical  high  level  of  support 
services  to  home  oxygen  patient-customers.  Of  particular 
concern  is  the  economic  hardship  of  supplying  portable 
oxygen,  e.specially  for  those  patient-customers  with  unusu- 
ally high  ambulatory  needs.  The  use  of  oxygen-conserving 
devices  is  viewed  by  some  as  one  strategy  to  better  control 
the  costs  of  supplying  portable  oxygen,  although  there  are 
those  who  still  question  whether  or  not  oxygen-conserving 
devices  can  effectively  forestall  arterial  oxygen  desatura- 
tion  across  the  entire  spectrum  of  ambulation. 

Given  the  evidence  now  being  reported  that  compliance 
in  using  home  oxygen  as  prescribed  may  well  be  much 
lower  than  originally  believed,  the  time  is  probably  right  to 
revisit  the  role  played  by  home  oxygen  providers  in  de- 
termining continuing  need  through  the  performance  of  pe- 
riodic reassessments.  Such  reassessments,  if  designed  ac- 
cording to  prescribed  and  validated  protocols  and  conducted 
by  home  respiratory  therapists  under  orders  of  the  pre- 
scribing physician,  would  be  a  valuable  tool  to  ensure 
continued  medical  need  and  identifying  noncompliance. 
This  would  help  ensure  that  those  needing  and  using  home 
oxygen  would  continue  to  receive  the  benefit.  At  the  same 
time,  patient-customers  who.  for  one  reason  or  another, 
stop  using  their  oxygen  equipment  despite  ref)eated  en- 
couragement, would  have  the  equipment  removed.  The  net 
result  would  be  that  reimbursement  dollars  currently  wasted 
on  home  oxygen  equipment  that  is  not  being  used  could  be 
reallocated  for  those  patient-customers  willing  and  able  to 
use  the  equipment  as  prescribed. 
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Discussion 

Petty:  One  reason  I  suggested  that 
there  might  be  up  to  a  milhon  LTOT 
users  is  because  of  the  addition  of  the 
VA,  which  I've  been  told  may  be 
100,000  to  150,000.  Do  you  have  any 
information  on  that? 

Dunne:  Yes,  the  other  20%  suppos- 
edly includes  the  railroad  workers,  the 
coal  miners,  and  the  VA.  Under  the  VA, 
in  most  of  the  larger  institutions  that 
prescribe  the  home  oxygen  benefit,  it 
only  can  be  rendered  through  the  pul- 
monary medicine  department.  So  the 
VA  a  long  time  ago  realized  the  impor- 
tance of  having  qualified  physicians 
govern  who  receives  home  oxygen. 

Kacmarek:  You  mentioned  that  re- 
spiratory therapists  in  the  home  should 
be  allowed  to  make  some  recommen- 
dations about  continuation  of  therapy. 
Although  I  personally  agree  with  that 
as  a  therapist,  1  am  concerned  about 
the  recommendations.  You  just  men- 
tioned that  many  thousands  of  com- 
panies are  providing  home  oxygen 
therapy  in  spite  of  the  fact  that  the 
revenue  is  going  down.  Home  oxygen 
therapy  is  still  a  highly  profitable  en- 


terprise, and  it  seems  to  me  there  is  an 
inherent  conflict  of  interest  if  you're 
working  for  a  company  who  can  ben- 
efit from  your  saying  that  this  patient 
still  needs  oxygen  therapy.  Although 
from  the  conceptual  point  of  view  I 
think  it's  the  way  to  go,  1  don't  see 
how  it  can  reasonably  be  done  in  this 
environment  where  there  are  patients 
who  are  left  on  oxygen  therapy  who 
clearly  don't  need  it.  I  agree,  how- 
ever, that  there  need  to  be  regulations 
that  mandate  reassessment  of  whether 
patients  meet  the  requirements  for 
oxygen  therapy,  particularly  that 
subpopulation  who  are  placed  on  ox- 
ygen therapy  after  an  acute  exacer- 
bation. My  question  is,  of  that  700,000 
or  more  patients  who  are  receiving  ox- 
ygen therapy,  are  there  data  to  differen- 
tiate the  patients  we've  been  discuss- 
ing— stable  COPD  patients  electively 
placed  on  oxygen  therapy  because  they 
truly  demonstrate  the  need  for  oxygen 
at  a  point  of  stability,  compared  to  pa- 
tients who  are  placed  on  oxygen  ther- 
apy after  an  acute  exacerbation.  It  would 
seem  to  me  that,  if  that  subpopulation 
placed  on  oxygen  after  an  acute  exac- 
erbation were  managed  properly,  there 
would  be  a  lot  of  money  saved  to  help 


deal  with  those  patients  who  really  need 
long-term  oxygen. 

Dunne:  Several  very  interesting 
points.  First,  yes,  my  recommendation 
of  the  expanded  role  of  the  respiratory 
therapist  is  very  controversial,  but  I 
know  a  lot  of  respiratory  therapists  in 
home  care  who  have  expressed  to 
metheir  frustration  at  not  being  able 
to  do  respiratory  care  in  the  home,  but 
to  basically  only  dance  around  it  and 
to  take  care  of  equipment  and  do  pa- 
tient education,  which  is  very  impor- 
tant, but  1  think  the  respiratory  care 
component  is  measuring,  assessing, 
and  looking  at  important  functions — 
oximetry,  blood  gases,  exercise  toler- 
ance, and  perhaps  even  quality  of  life 
measures.  We  don't  do  that  right  now 
because  the  Medicare  fee-for-service 
reimbursement  process  is  not  condu- 
cive for  us  to  discontinue  patients  on 
home  oxygen.  But  when  you  get  into 
risk-sharing  prospective  payment, 
where  basically  you're  pre-paid  in  ad- 
vance of  the  service  you  render,  your 
whole  attitude  changes.  You  try  to 
make  sure  that  you're  not  withholding 
it  from  those  who  need  it  and  not  giv- 
ing it  to  people  who  don't  need  it.  I 
think  that's  where  the  disconnect  is. 
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Respiratory  therapists  have  been  in- 
volved in  home  oxygen  when  the  mar- 
gins were  high  because  it  was  the  right 
thing  to  do  and  made  for  better  patient 
outcomes.  And  now  I'm  quite  certain 
this  industry  is  at  a  crossroads  and 
that  there  will  be  a  lot  of  casualties 
based  on  the  cutbacks  already  in  place. 
And,  if  there  is  another  20%  reduction 
resulting  from  competitive  bidding, 
there  won't  be  that  many  providers 
left  that  are  real  serious  players.  I  think 
those  companies  will  then  re-establish 
their  role  as  being  the  definitive  com- 
petitive provider  in  the  marketplace, 
and  the  physician  community  will  re- 
spond accordingly.  In  terms  of  the 
number  of  patients  who  come  on  ser- 
vice who  are  there  for  the  short  term 
because  of  their  exacerbation.  Medi- 
care is  attempting  to  handle  this  by 
requiring  that  the  qualifying  blood  gas 
must  now  be  done  within  48  hours  of 
discharge.  At  one  time  you  would  look 
for  the  worst  blood  gas,  which  was 
usually  on  admission.  Unfortunately, 
the  data  from  Silverman  did  not  show 
what  the  diagnosis  was  in  relation  to 
the  number  of  claims  paid.'  But  they 
did  look  at  the  number  of  rehospital- 
izations,  and  COPD  was  the  number 
one  cause. 
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O'Donohue:  There  are  some  data 
available  on  compliance  in  the  United 
States  that  I  think  are  very  striking: 
specifically  a  5-state  survey  done  a 
few  years  ago  by  the  Office  of  the 
Inspector  General  looked  at  patients 
who  had  been  discharged  from  the  hos- 
pital with  oxygen  concentrators. '  They 
started  in  Georgia  and  then  extended 
it  to  4  other  states  because  of  their 
findings — that  50%  of  the  patients 
were  not  using  oxygen  at  the  time  of 
the  survey.  Almost  none  of  the  phy- 
sicians had  any  formal  records  of  the 
patients'  being  on  oxygen  therapy.  As 
I  recall,  about  a  third  of  the  physicians 


didn't  know  that  the  patient  was  re- 
ceiving oxygen  therapy,  and  an  equal 
number  did  not  know  the  regulations 
or  the  indications  for  home  oxygen. 
Their  conclusion  was  that  the  physi- 
cian's role  in  home  oxygen  appeared 
to  be  "the  signer  of  a  Certificate  of 
Medical  Necessity." 
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Dunne:  Again,  you  underscore  the 
point  that  often  the  prescribing  physi- 
cian is  not  involved  with  the  sustained 
use  of  the  equipment  they  are  prescrib- 
ing. Home  care  companies  must  there- 
fore assume  greater  responsibility  for 
compliance. 

Wedzicha:  Can  I  make  an  analogy 
to  some  of  our  experiences  in  the 
United  Kingdom?  Recently  the  Royal 
College  of  Physicians  was  charged  by 
the  Department  of  Health  to  look  into 
pre.scription  of  oxygen  therapy.  What 
we  came  up  with  was  a  very  impor- 
tant guideline,  which  is  that  oxygen 
must  be  prescribed  by  respiratory  phy- 
sicians or  specialists.  You  also  have 
the  means  to  investigate  and  measure 
the  blood  gases.  In  the  United  King- 
dom, currently,  oxygen  must  be  pre- 
scribed by  primary  care  physicians. 
We  may  assess  the  patient,  but  the 
prescription  has  to  be  signed  by  pri- 
mary care.  So  this  is  an  area  where 
there  have  been  problems.  We  have 
recommended  that  all  prescriptions 
must  be  specialist-led.  The  other  point 
is  about  bidding.  In  the  United  King- 
dom we  have  a  system  of  bidding  for 
system  equipment.  The  oxygen  con- 
centrator costs  have  fallen.  It  is  now 
about  50£  ($80)  a  month  for  an  oxy- 
gen concentrator.  The  problem  is  that 
we  had  respiratory  nurses/therapists 
going  to  patient's  homes  running  a 
good  service  7  or  8  years  ago.  Now 
we  have  no  follow-up  arrangements 
unless  we  organize  them  ourselves. 
Thus,  the  second  recommendation  in 


our  report  was  that  patients  need  some 
follow-up. 

Greg  Spratt:*  In  regard  to  the  non- 
compliance problem,  1  don't  think  that 
rate  is  too  dissimilar  from  what  we 
see  with  every  type  of  therapy  that  we 
provide,  such  as  metered-dose  inhal- 
ers or  medications.  I  think  it  points  to 
the  fact  that  noncompliance  is  a  prob- 
lem in  all  forms  of  therapy,  and  edu- 
cation is  a  real  need.  I  appreciate  your 
comments  in  that  they  raise  the  issue 
of  whether  we  are  looking  at  this  as 
simply  a  technology — a  fast-food 
commodity  almost — where  patients,  if 
we  continue  in  our  current  path,  will 
stop  by  and  pick  up  a  concentrator 
and  be  responsible  for  their  own  care. 
We  should  recognize  the  need  for  ser- 
vicing these  patients  and  try  to  come 
up  with  some  workable  method  to  see 
that  they  do  receive  the  education  and 
follow-up  they  need.  I  really  think  that 
we're  at  the  crossroads  in  the  United 
States  right  now.  If  we  allow  Medi- 
care to  have  its  way  and  simply  look 
at  it  as  a  technology,  the  price  will 
continue  to  drop,  and  the  service  will 
drop  along  with  it.  One  solution  that 
has  been  proposed  is  to  separate  the  ser- 
vice component  from  the  equipment 
component  in  terms  of  reimbursement 
and  actually  reimburse  for  the  services 
of  the  follow-up,  the  education,  and  other 
service  components.  I  believe  that  would 
be  very  cost-effective  if  we  can  improve 
the  utilization  of  the  therapy. 

Dunne:  With  regard  to  the  United 
Kingdom  having  only  pulmonary  spe- 
cialists prescribe,  when  we  alluded  ear- 
lier to  the  present  guidelines  for  non- 
invasive positive-pressure  ventilatory 
assistance,  the  recommendation  was 
that  a  pulmonologist  had  to  drive  that 
process.  However,  there  was  a  loud 
hue  and  cry  from  nonpulmonologists, 
and  I  suspect  the  same  would  happen 
if  it  were  suggested  only  a  pulmonolo- 
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gist  could  prescribe  home  oxygen — 
although  it  might  well  add  serious  clin- 
ical oversight  that  is  presently  lacking. 
What  we  are  actually  talking  about  is 
having  a  restricted  panel  of  specialists 
who  really  know  how  to  do  it  right. 
Greg,  1  think  your  point  is  well  taken 
that  there  is  a  disconnect  between  the 
service  component,  the  care  compo- 
nent, and  the  technology — a  direct  re- 
sult of  flawed  and  antiquated  Medi- 
care policy.  I  suspect  that  we're  going 
to  have  to  see  some  fundamental 
changes  in  the  Medicare  process  or 
programs  as  we  know  them.  I  think 
those  are  coming.  I  think  if  we  were  a 
"fly  on  the  wall"  in  the  hallowed  halls 
where  Medicare  policy  is  being  for- 
mulated today,  we  would  see  that  they 
would  do  everything  possible  to  get 
every  Medicare  patient  to  join  a  Medi- 
care risk  HMO  the  moment  they  be- 
come eligible.  That  way.  Medicare  is 
sending  one  check  for  each  benefi- 
ciary once  a  month  to  one  health  plan: 
let  the  health  plan  worry  about  nego- 
tiating the  subcontracting  of  the  vari- 
ous services.  Under  current  Medicare 
guidelines,  I  don't  think  we're  going 
to  see  any  change  in  getting  reimburse- 
ment for  the  care  component,  whether 
it  be  for  the  respiratory  therapist,  the 
home  health  nurse,  or  anybody  else 
for  that  matter.  I  think  it  is  safe  to  say 
that  we  need  to  do  something  differ- 
ent. What  has  been  done  in  the  past  is 
not  working. 

McCoy:  On  your  comment  about 
our  being  at  the  crossroads,  we've 
talked  about  medicine  here,  but  I  think 
economics  is  driving  our  medicine  on 
LTOT,  and  one  of  the  things  happen- 
ing is  that  prices  are  coming  down, 
but  there  are  no  standards  of  care.  From 
a  long-term  oxygen  standpoint,  there 
are  no  standards,  so  Medicare  or 
HCFA  can  keep  going  down,  because 
there  is  no  basement.  They'll  cut  it, 
and  the  first  response  from  the  home 


care  industry  is  that  a  25-30%  cut  is 
going  to  limit  access  to  oxygen.  The 
General  Accounting  Office  showed 
there  wasn't  a  limit  to  access  with  a 
30%  cut.  It's  sort  of  gave  them  some 
more  ammunition  to  keep  moving  for- 
ward, and  they're  talking  about  an- 
other cut.  The  General  Accounting  Of- 
fice report  looked  at  the  VA  model 
and  said,  "Why  is  the  VA  spending 
less  than  we  are?"  So  they  keep  on 
looking  at  cutting,  but  there  is  no 
consequence.  There  is  no  basement. 
That's  why  I  think  from  this  group 
here,  if  we  come  up  with  standards 
that  have  an  economic  basis  as  well 
as  a  scientific  medical  basis,  it  will 
give  ammunition  that  will  direct  and 
control  the  payers,  at  least  in  this 
country.  This  group  needs  to  come 
up  with  the  science,  but  also  with 
what  the  consequences  of  not  doing 
the  science  are  in  terms  of  cost  of 
hospitalization. 

Sam  Giordano:*  I'm  glad  you 
worked  in  the  GAO  report.  It's  impor- 
tant to  note  that  its  conclusions  aren't 
consistent  with  the  scientific  literature. 
The  issue,  in  terms  of  home  respira- 
tory therapy  and  oxygen  therapy,  is, 
first  of  all,  there  is  a  respiratory  ther- 
apy Medicare  benefit  and  respiratory 
therapists  are  not  allowed  to  partici- 
pate. Currently  only  physical  thera- 
pists and  registered  nurses  can  pro- 
vide respiratory  therapy  visits  for 
Medicare  beneficiaries.  Even  though 
we've  been  around  for  almost  50  years 
and  are  the  only  ones  who  are  specif- 
ically educated  in  this  area  and  tested 
for  competency,  for  some  reason,  or 
for  many  reasons,  we've  not  been  in- 
cluded in  the  benefit.  I  think  sending 
people  into  the  home  who,  frankly. 


*Saiii  P  Giordano  MBA  RRT,  American  Asso- 
ciation for  Respiratory  Care,  Dallas,  Texas. 


don't  know  what  they're  doing,  feeds 
into  misallocation.  Jamie  (Stoller) 
cited  several  studies  in  his  writings 
about  the  misallocation  of  various  re- 
spiratory therapy  modalities,  and  ox- 
ygen therapy  was  on  that  list,  as  I 
remember.  Now,  the  economic  argu- 
ment: certainly  it's  important  to  doc- 
ument the  avoidance  of  more  expen- 
sive health  care  events,  such  as 
emergency  department  visits  and  hos- 
pital admissions,  but  I  think  we  have 
an  opportunity — especially  with  the 
advent  of  clinical  practice  guidelines 
and  protocols — to  knock  down  misal- 
location and  try  to  bring  about  appro- 
priate balance  between  LTOT  need 
and  appropriate  access  to  services  and 
equipment  to  satisfy  that  need.  That's 
not  been  done,  and  must  be  done  by 
people  who  know  what's  going  on  in 
terms  of  both  the  technology  and  what 
the  physicians  want.  Respiratory  ther- 
apists are  obviously  well  positioned 
as  consultants  in  this  role.  Moving  on 
to  the  separation  of  the  provision  of 
service  with  the  assessment  for  the 
need  of  that  service,  we  (the  Ameri- 
can Association  for  Respiratory  Care) 
proposed  1 0  years  ago  that  a  study  be 
undertaken  to  measure  the  impact  of 
this  approach.  It  was  rejected  in  Wash- 
ington because  of  a  strong  lobby  from 
the  dealer  side  of  the  equation.  We 
can  still  demonstrate  value.  This  is  the 
opportunity  that  we  must  seize  through 
collaborative  outcomes  research  ef- 
forts. Finally,  as  far  as  compliance  is 
concerned,  I  understand  from  the  NA- 
EPP  (National  Asthma  Education  and 
Prevention  Program)  that  the  com- 
pliance with  NAEPP  guidelines  for 
the  management  of  asthma  among 
physicians  hovers  just  below  50%.  So 
I  think  this  ties  into  what  Greg  (Spratt) 
said  in  terms  of  the  noncompliance: 
even  though  it  is  not  acceptable  to  us, 
it  is  not  unusual  in  medicine. 
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Introduction 

The  first  written  report  on  in-home  oxygen  use  in  Po- 
land comes  from  the  year  1926.  A  famous  Polish  poet  and 
writer,  Jan  Kasprowicz,  suffered  from  severe  left  heart 
failure  and  bouts  of  nocturnal  pulmonary  edema.  The  writ- 
er's wife,  Maria,  wrote  in  her  diary:  "During  the  fourth 
attack,  oxygen  was  used  for  the  first  time.  This  gave  Johnny 
some  relief.  I  told  him  not  to  be  afraid  of  balloons  since 
similar  were  always  used  by  Andzia's  husband  during  his 
attacks  of  asthma."'  Kasprowicz  died  in  the  summer  1926. 

Up  until  the  1980s,  oxygen  in  large  cylinders  was  spo- 
radically used  at  home  to  treat  patients  with  severe  hypox- 
emia. However,  the  cost  of  such  treatment  was  high  and 
not  reimbursed  by  the  National  Health  Service.  Not  many 
families  could  afford  it.  After  Neff  and  Petty-  published  a 
paper  demonstrating  the  benefits  of  continuous  home  ox- 
ygen administration  in  patients  with  cor  pulmonale,  the 
number  of  cor  pulmonale  patients  treated  with  home  ox- 
ygen increased. 
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After  two  landmark  controlled  studies  of  domiciliary 
long-term  oxygen  treatment  (LTOT)  were  published,^''  Pol- 
ish pulmonologists  increased  their  efforts  to  introduce 
LTOT  in  Poland.  In  1985  a  pilot  study  with  the  use  of 
oxygen  concentrators,  the  most  economical  oxygen  source, 
was  performed  at  the  Institute  of  Tuberculosis  and  Lung 
Diseases  in  Warsaw.  In  the  spring  of  1 986  I  spent  a  week 
at  The  University  of  Colorado  Health  Sciences  Center  in 
Denver  visiting  Tom  Petty  and  discussing  with  him  prac- 
tical points  about  LTOT.  In  the  fall  of  1986  the  Ministry 
of  Health  in  Poland  approved  LTOT  as  a  treatment  for 
severe  respiratory  failure.  Between  1987  and  1991  the 
system  was  implemented  nationwide  (Fig.  1). 

Organization 

It  was  decided  to  incorporate  LTOT  organization  into  a 
net  of  tuberculosis  (TB)  and  pulmonary  disease  clinics. 
Such  a  net  was  organized  after  World  War  II  to  control  a 
TB  epidemic  that  swept  the  country  during  and  after  the 
war.  In  every  administrative  part  (province)  of  the  country 
a  TB  clinic  was  opened.  The  work  of  all  TB  clinics  was 
directly  connected  with  the  central  institution,  the  National 
Tuberculosis  Institute  in  Warsaw.  The  institute  trained  per- 
sonnel from  provincial  TB  clinics.  New  methods  of  TB 
diagnosis  and  treatment  were  adopted  by  the  institute  and 
quickly  implemented  all  over  the  country. 

Eventually,  with  TB  control  in  the  country,  the  system 
took  care  of  all  chest  diseases.  Now  the  main  preoccupa- 
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Fig.  1 .  Map  of  Poland  showing  the  locations  of  49  provincial  LTOT  centers. 


tion  of  pulmonoiogists  is  non-TB  diseases  of  the  respira- 
tory system.  The  Institute  of  Tuberculosis  and  Lung  Dis- 
eases conserved  its  leading  role,  introducing  developments 
in  respiratory  medicine  to  respiratory  physicians  all  over 
the  country.  Figure  2  shows  the  structure  of  respiratory 
care  and  LTOT  in  Poland. 

The  headquarters  of  LTOT  at  the  institute  was  respon- 
sible for  issuing  guidelines  of  indications  for  LTOT  and 
unified  follow-up  and  care  of  LTOT  patients.  All  physi- 
cians responsible  for  LTOT  at  the  provincial  level  were 
trained  at  the  institute's  LTOT  center  and  equipped  with 
uniform  inclusion  and  follow-up  forms.  Physicians  work- 
ing at  provincial  LTOT  centers  are  certified  pulmonary 
specialists. 

Once  a  year,  a  two-day  workshop  is  organized,  gather- 
ing physicians  and  nurses  from  all  the  LTOT  centers  in  the 
country.  The  workshop  opens  with  lectures  by  invited 
speakers  devoted  to  hot  topics  in  respiratory  care,  followed 
by  detailed  reports  from  LTOT  centers,  with  special  em- 
phasis on  local  difficulties.  Every  LTOT  center  regularly 
sends  copies  of  eligibility  forms  of  included  patients  to  the 
Warsaw  center  and  annually  reports  deaths  of  patients  un- 
dergoing LTOT. 


Eligibility  Criteria 

Qualified  for  LTOT  are  patients  suffering  from  chronic 
respiratory  disease  leading  to  chronic  respiratory  failure. 
The  main  qualifying  criterion  is  arterial  partial  pressure  of 
oxygen  (Pao,)  —  55  mm  Hg.  The  stability  of  the  patient's 
status  should  be  confirmed  by  two  measurements  performed 
4  weeks  apart.  If  at  the  .second  measurement  P^o,  '^  better 
than  the  initial  measurement  by  ^  5  mm  Hg,  a  third  mea- 
surement after  another  4  weeks  is  required.  The  stability  of 
the  patient's  status  is  additionally  verified  by  spirometry 
performed  at  the  same  time  as  blood  gas  measurements. 
Improvement  of  the  forced  expiratory  volume  in  the  first 
second  (FEV,)  and/or  forced  vital  capacity  at  the  second 
measurement  also  delays  the  qualification  decision  for  an- 
other 4  weeks. 

Also,  patients  with  less  severe  hypoxemia  (Pao,  between 
56  and  60  mm  Hg)  may  qualify  for  LTOT  if  their  hypox- 
emia is  accompanied  by  two  of  the  following:  ( I )  signs  of 
pulmonary  hypertension  on  a  chest  radiograph,  (2)  signs  of 
a  right  ventricle  hypertrophy  on  electrocardiogram,  or  (3) 
elevated  hematocrit  (>  55%). 
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Fig.  2.  Structure  of  the  LTOT  system  in  Poland.  See  text  for  explanations. 


To  be  qualified,  stability  of  hypoxemia  has  to  be 
confirmed  after  a  3-month  probationary  period.  At  the 
introduction  of  LTOT  in  Poland,  the  upper  level  of  P^q, 
qualifying  for  LTOT  treatment  was  set  at  65  mm  Hg.  After 
5  years  we  decided  to  lower  it  to  60  mm  Hg. 

Patients  with  hypoxemia  caused  by  heart  disease  or  ma- 
lignancy are  not  qualified  for  LTOT.  Patients  who  con- 
tinue to  smoke  are  also  not  qualified.  The  nonsmoking 
status  is  verified  by  carbon  monoxide  measurements  in  the 
exhaled  air  and  carboxyhemoglobin  level  in  the  blood, 
which  should  be  below  3%. 

We  do  not  prescribe  LTOT  for  smokers,  for  two  rea- 
sons. First,  because  of  elevated  carboxyhemoglobin  level 
in  smokers,  oxygen  transport  to  the  tissues  is  reduced.''  In 
the  situation  of  insufficient  resources  we  would  like  to 
offer  treatment  to  those  who  benefit  the  most.  Second, 
smokers  are  at  risk  of  bums.^  Although  the  nonsmoking 
condition  is  respected  at  entry,  about  10%  of  patients  un- 
dergoing LTOT  later  resume  smoking  a  few  cigarettes 
daily. 

Equipment 

The  LTOT  system  in  Poland  is  based  on  oxygen  con- 
centrators. Several  models  manufactured  in  the  United 
States  have  been  used.  Oxygen  concentrators  are  purchased 
by  provincial  chest  clinics  and  given  to  qualified  patients 
free  of  charge.  Maintenance  costs  are  also  covered  by  the 
National  Health  Service.  Electricity  costs  are  met  by  the 
patient.  However,  patients  with  a  low  income  may  have 
electricity  bills  reimbursed.  Liquid  oxygen  is  used  only  in 
big  cities  and  on  a  limited  scale. 

FoHow-Up 

Patients  undergoing  LTOT  are  closely  followed.  They 
are  seen  at  the  center  every  3  months.  Medical  examina- 
tion is  combined  with  blood  gas  and  spirometric  measure- 
ments. Every  12  months  chest  radiography,  electrocardi- 
ography, and  blood  count  and  hematocrit  are  performed. 


Nurse  Visit 

Once  a  month  a  patient  is  visited  at  home  by  a  nurse 
from  the  center.  She  assesses  the  general  status  of  the 
patient,  checks  daily  oxygen  use.  and  encourages  the  pa- 
tient to  use  more  oxygen  if  the  oxygen  breathing  hours  are 
less  than  15  a  day.  Oxygenation  is  assessed  via  pulse 
oximetry  while  the  patient  breathes  oxygen  at  the  pre- 
scribed flow.  The  nurse  also  checks  the  concentration  of 
oxygen  produced  by  the  oxygen  concentrator.  The  older 
models  of  oxygen  concentrator  are  not  equipped  with  an 
oxygen  concentration  sensor  and  alarm.  The  nurse  also 
changes  filters  at  planned  intervals  and  performs  other 
minor  maintenance  procedures.  This  reduces  the  cost  of 
maintenance  from  oxygen  concentrator  dealers.  The  nurse 
reports  results  of  visits  to  the  physician  at  the  center. 

We  have  found  that  the  nurse  plays  a  crucial  role  in  the 
system.  In  addition  to  professional  medical  help,  the  nurse 
also  helps  patients  with  social  problems,  and  sometimes  is 
the  only  empathetic  person  contacting  lonely  patients. 

Patients  Treated 

Originally  around  70%  of  those  receiving  LTOT  were 
chronic  obstructive  pulmonary  disease  (COPD)  patients. 
The  second  largest  LTOT  population  was  patients  with 
post-TB  widespread  pulmonary  changes.  Usually  those  pa- 
tients also  presented  with  signs  of  COPD.  During  the  last 
few  years  the  number  of  TB  sequelae  patients  has  dimin- 
ished and  the  number  of  COPD  patients  increased  to  80% 
of  the  total  treated  with  LTOT  in  Poland.  The  second 
largest  population  now  is  interstitial  pulmonary  fibrosis 
patients.  Table  1  shows  the  diagnoses  of  the  first  1 ,000 
patients  who  qualified  for  LTOT.^ 

Benefits  of  the  System 

The  main  benefit  of  the  system  is  an  accurate  qualifi- 
cation procedure.  This  was  especially  important,  consid- 
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Table  1.      LTOT  by  Diagnosis,  First  1. 000  Patients  Nationwide 
(1991) 
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67.67r 
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Others 
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LTOT  =  long-term  oxygen  therapy;  COPD  ^ 
tuberculosis;  IPF  =  interstitial  pulmonary  fib 

ve  pulmonary  disease;  TB  = 

ering  the  insufficient  number  of  available  oxygen  concen- 
trators. Accuracy  of  qualification  was  verified  in  some  400 
patients  in  12  provincial  centers  and  found  to  be  comply- 
ing with  guidelines  in  100%.**  We  believe  that  this  very 
good  result  is  becau.se  qualification  is  assured  by  a  spe- 
cifically trained  and  instructed  pulmonary  specialist.  Pre- 
scription of  LTOT  by  general  practitioners  results  in  more 
than  half  of  the  patients  being  incorrectly  qualified.'^ '" 

National  guidelines  frequently  are  not  observed  by  gen- 
eral practitioners.  Waterhouse  et  al,"  in  a  survey  per- 
formed in  England  and  Wales,  found  that  only  half  of  the 
patients  undergoing  LTOT  had  basal  arterial  oxygen  sat- 
uration of  s  90%  at  the  start  of  treatment,  together  with  a 
satisfactory  improvement  in  arterial  oxygen  saturation  on 
the  prescribed  flow  of  oxygen.  Resources  continue  to  be 
used  for  treating  patients  without  ensuring  that  they  ben- 
efit. The  authors  concluded  that  supervision  of  LTOT  pa- 
tients should  be  centrally  funded. 

Another  important  benefit  seems  to  be  an  opportunity  to 
study  large,  nonselected  closely-followed  groups  of  pa- 
tients. We  were  able  to  perform  original  studies  adding 
important  new  data  to  the  daily  practice  of  LTOT.  One  of 
the  important  questions  we  tried  to  answer  was:  should 
LTOT  be  withdrawn  in  a  patient  whose  consecutive  fol- 
low-up P^o^  is  above  the  qualification  level?  Gorecka  et  al** 
followed  a  group  of  400  patients  for  at  least  3  years,  look- 
ing for  evolution  of  P^q  under  treatment.  They  found  that 
in  patients  qualified  for  LTOT  (P^q  <  55  mm  Hg),  im- 
provement of  P^o,  above  55  mm  Hg  was  usually  transi- 
tory. The  further  course  of  the  disease  in  those  patients 
was  similar  to  patients  in  whom  P^o,  steadily  deteriorated. 
In  contrast,  improvement  of  P.,o^  above  65  mm  Hg  in 
patients  who  qualified  with  moderate  hypoxemia  was  usu- 
ally permanent.  LTOT  in  such  patients  may  be  safely  dis- 
continued, at  least  temporarily. 

Other  original  investigations  were  prospective  longitu- 
dinal observations  of  effects  of  LTOT  on  pulmonary  he- 
modynamics.'^  Ninety-five  COPD  patients  undergoing 
LTOT  were  followed  for  6  years.  Pulmonary  hemodynam- 
ics were  studied  at  2-year  intervals.  This  was  the  longest 


and  largest  study  published  so  far  on  that  topic.  It  was 
found  that  LTOT,  after  initial  reduction  of  pulmonary  hy- 
pertension, stabilized  pulmonary  arterial  pressure  over  6 
years,  despite  deterioration  in  P,,q^  and  increase  in  arterial 
partial  pressure  of  carbon  dioxide. 

Perhaps  the  most  important  studies  were  prospective 
controlled  investigations  on  effects  of  LTOT  in  patients 
with  moderate  hypoxemia.  Gorecka  et  al'"*  studied  135 
COPD  patients  who  had  P.,o,  of  56-65  mm  Hg,  advanced 
air  flow  limitation,  and  FEV,  of  0.83  ±  0.28  L.  They  were 
randoiTily  allocated  to  a  control  group  (n  =  67)  or  an 
LTOT  group  (n  =  68).  The  patients  were  followed  every 
3  months  for  at  least  3  years  or  until  death.  The  cumulative 
survival  rate  was  88%  at  1  year,  77%  at  2  years,  and  66% 
at  3  years.  No  significant  differences  were  found  in  sur- 
vival rates  between  the  controls  and  the  patients  treated 
with  LTOT,  nor  did  longer  oxygen  use  (>  15  h/d)  improve 
survival.  Younger  age,  better  spirometric  values,  and  higher 
body  mass  index  predicted  better  survival.  The  authors 
concluded  that  domiciliary  oxygen  treatment  does  not  pro- 
long survival  in  COPD  patients  who  have  moderate  hy- 
poxemia. Airway  limitation  seems  to  determine  survival  in 
this  group  of  patients. 

A  number  of  other  studies  performed  in  LTOT  centers 
in  Poland '■'■'■''  or  in  cooperation  with  other  centers  in  Eu- 
rope"'-" were  published  in  international  peer-reviewed 
journals. 

The  Future 

The  National  Health  System  in  Poland  is  undergoing  an 
important  reform.  Beginning  January  1,  1999,  a  central- 
ized, budgeted  type  of  health  care  has  been  changed  for  1 6 
independent  regional  Sick  Funds.  It  was  proposed  that, 
instead  of  purchasing  oxygen  concentrators,  the  Sick  Funds 
rent  the  equipment  from  specialized  companies.  Prescrip- 
tions for  LTOT  will  be  valid  for  3  months.  Qualification  of 
patients  and  prolongation  of  prescriptions  will  be  assured 
by  provincial  LTOT  centers,  as  before.  I  am  afraid  that 
with  the  increasing  labor  costs  in  Poland,  it  will  be  diffi- 
cult to  continue  nurse  visits.  On  the  other  hand,  the  need 
for  LTOT  in  the  country  will  be  satisfied  in  the  coming 
2-3  years. 

Summary 

Poland's  Institute  of  Tuberculosis  and  Lung  Diseases 
oversees  49  provincial  clinics,  which  provide  and  monitor 
LTOT  for  patients  with  COPD,  interstitial  pulmonary  fi- 
brosis, and  other  pulmonary  conditions.  Because  of  lim- 
ited resources,  eligibility  for  LTOT  is  fairly  strictly  de- 
fined, and  LTOT  equipment  is  distributed  to  and  retained 
only  by  nonsmoking  patients  who  continue  to  demonstrate 
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need  of  the  equipment  (ie,  those  who  have  ongoing  hy- 
poxemia that  can  benefit  from  LTOT).  This  national  LTOT 
system  provides  a  large,  nonselected  population  suitable 
for  LTOT  research,  and  recent  studies  have  produced  im- 
portant data  regarding  survival,  pulmonary  hemodynam- 
ics, and  the  effect  of  withdrawing  LTOT  from  patients 
whose  oxygenation  has  recovered  to  above  the  LTOT  qual- 
ification level  of  P^o,  —  55  mm  Hg. 
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Discussion 

Pierson:  I'll  start  it  off  by  asking 
about  the  cost  of  electricity  for  the 
concentrator.  My  understanding  is  that 
it's  about  $50  a  month  for  the  elec- 
tricity in  the  United  States.  Is  that 
close?  Also,  my  understanding  is  that 
it  is  provided  directly  by  the  govern- 
ment in  France  if  you're  on  the  na- 
tional system.  How  is  it  in  Poland? 

Zielinski:  In  Poland,  the  electricity 
cost  is  much  lower.  It's  some  $20  per 
month,  but  of  course  you  cannot  com- 
pare this  with  the  United  States,  be- 
cause of  the  different  economic  status 


of  the  two  countries.  The  electricity 
cost  is  normally  on  the  patient  side, 
but  if  the  patient  has  a  low  income,  he 
or  she  can  claim  to  have  this  expense 
reimbursed. 

*Sani  Giordano:  Dr  Zieliiiski,  has 
any  work  been  done  to  follow  the  hos- 
pital utilization  of  these  patients? 

Zielinski:  Only  one  center  did  such 
a  study,  and  they  found  that  the  hos- 
pitalization was  two  times  lower  after 
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Starting  the  oxygen  treatment  than  it 
was  before  the  LTOT.  But  no  nation- 
wide survey  was  done. 

Dunne:  During  the  monthly  visits 
you  described,  is  there  any  attention 
paid  to  the  other  forms  of  therapy  that 
are  part  of  the  management  of  COPD, 
specifically,  compliance  with  pharma- 
cologic prescriptions,  airway  clearance 
techniques,  or  exercise  conditioning? 

Zielinski:  This  is  mainly  for  use  of 
drugs.  It's  checked.  No  formal  reha- 
bilitation is  proposed,  but  we  encour- 
age all  patients  to  move  about  as  much 
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as  possible.  When  a  nurse  goes  to  the 
patient's  home,  she  also  encourages 
the  patient  to  exercise,  but  not  in  a 
formal  way. 

Dunne:  I  guess  my  reason  for  ask- 
ing is  that  I've  noticed  that  several  of 
the  presenters  at  this  conference  have 
been  impressed  with  the  utility  of 
FEV|  as  a  predictor  of  survival.  More 


importantly,  I'm  struck  by  the  work 
of  Howard  et  al.  who  argue  that  COPD 
patients  ultimately  suc-cumb  to  their 
airways  disease.'  I'm  just  wondering  if 
we're  maybe  losing  sight  of  the  impor- 
tance of  airway  clearance  techniques  and 
keeping  the  airways  healthy  when  we 
start  using  long-term  oxygen,  which 
probably  is  not  doing  much  to  help  the 
airways. 
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Zielinski:  1  agree  that  for  airways 
patency,  clearance  of  the  airways  is 
important.  However,  I  think  that  also 
the  parenchymal  part  of  the  disease — 
that  is,  emphysema — has  some  effect 
on  FEV,. 
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Introduction 

This  conference  is  the  latest  in  a  long  line  of  American 
Association  for  Respiratory  Care/American  Respiratory 
Care  Foundation  conferences  that  have  addressed  many 
aspects  of  the  respiratory  care  profession.  I  have  been 
privileged  to  have  participated  in  several  of  them  and  have 
found  them  always  to  be  scientifically  comprehensive,  in- 
tellectually challenging,  and  a  great  deal  of  fun.  I  think  it's 
fair  to  say  that  this  conference  has  lived  up  to  the  high 
standards  of  its  predecessors. 

In  past  conferences,  the  summarizer  has  traditionally 
reviewed  each  of  the  presentations  in  the  order  they  were 
given.  I'm  not  going  to  deviate  from  that  format.  My  ap- 
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proach  will  be  to  first  review  what  the  charge  to  that 
particular  speaker  was.  Then,  rather  than  simply  summa- 
rize their  talks,  I  will  try  to  give  you  my  "take"  on  the  key 
points  that  were  made  and  the  key  questions  that  were 
raised.  Finally,  I  will  conclude  each  review  with  a  mem- 
orable moment  that  particularly  caught  my  fancy.  So,  with 
that  brief  introduction,  let  us  begin. 

History 

It's  fitting  that  Tom  Petty  started  this  conference  off 
with  a  history  of  long-term  oxygen  therapy  (LTOT).  Tom 
is  one  of  the  giants  in  this  field  and  certainly  one  of  the 
major  reasons  that  oxygen  therapy  is  so  widely  available 
today.  His  charge  was  to  review  the  history  of  oxygen 
therapy  from  both  scientific  and  economic  perspectives. 
He  started  with  the  discovery  of  oxygen  by  Priestley  and 
reminded  us  how  it  often  takes  people  who  "think  outside 
the  box"  to  make  revolutionary  discoveries  (Priestley  was 
a  heretic  who  supported  both  the  French  and  American 
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revolutions).  Tom  then  provided  an  entertaining  chronol- 
ogy of  the  evolution  of  oxygen  from  a  scientific  curiosity 
into  the  effective  therapy  for  hypoxemia  we  know  today. 
He  did  this  by  noting  the  important  contributions  of 
Lavoisier,  Barach,  his  own  Denver  group,  and  others  that 
led  to  the  landmark  long-term  oxygen  clinical  trials  con- 
ducted by  the  United  States  National  Institutes  of  Health 
Nocturnal  Oxygen  Therapy  Trial  (NOTT)'  and  the  British 
Medical  Research  Council  (MRC).- 

The  history  of  oxygen  "dosing"  was  also  reviewed.  In- 
deed, it  was  Tom's  group  that  provided  much  of  the  ra- 
tionale for  dosing  oxygen  according  to  arterial  blood  gas 
targets  instead  of  merely  providing  some  arbitrary  flow. 

Tom  also  looked  at  LTOT  from  an  economic  perspec- 
tive. Estimating  that  as  many  as  one  million  patients  re- 
ceive LTOT  in  the  United  States  (a  figure  that  was  sup- 
ported by  several  other  speakers),  Tom  emphasized  the 
high  societal  costs  of  this  therapy,  but  pointed  out  that  the 
benefits  of  LTOT  can  actually  reduce  health  care  needs 
(and  thus  costs)  in  many  patients. 

My  most  memorable  moment  of  Tom's  presentation 
was  the  introduction  of  a  new  outcome  measure — "patient 
chart  weight."  His  dramatic  pictures  showing  how  patient 
medical  care  needs  decreased  after  LTOT  (as  indicated  by 
the  size  of  the  medical  charts  pre-  and  post-LTOT)  were 
something  that  even  the  most  stubborn  bureaucrat  could 
understand! 

Physiology 

Dave  Pierson  followed  Tom,  and  his  charge  was  to 
review  the  causes  of  hypoxia  and  how  hypoxia  affects  the 
body's  metabolic  functions.  He  started  off  with  definitions 
of  hypoxia  (low  tissue  oxygen)  and  anoxia  (absent  tissue 
oxygen).  Hypoxemia,  however,  was  more  difficult  to  pin 
down.  Strictly  speaking,  hypoxemia  should  mean  low  ox- 
ygen content  in  the  blood,  but  with  this  broad  definition, 
anemia  would  also  qualify  as  hypoxemia.  As  Dave  pointed 
out,  the  clinical  convention  is  to  think  of  hypoxemia  as 
low  oxygen  partial  pressure  in  the  blood,  and  the  confer- 
ence participants  agreed  that  we  would  use  this  definition 
for  our  di.scussions.  This  struck  me  as  yet  another  example 
of  how  imprecise  we  often  are  with  our  terms  in  medicine. 

Dave  proceeded  to  give  a  nice  overview  of  what  causes 
hypoxemia:  decreased  alveolar  ventilation,  decreased  in- 
spired oxygen,  poor  ventilation-perfusion  relationships,  and 
shunts.  During  the  subsequent  discussions,  the  concepts  of 
diffusion  limitation  and  short  red  blood  cell  transit  times 
were  also  introduced  as  additional  causes  of  hypoxemia  in 
certain  disea.se  states. 

The  consequences  of  hypoxemia  are  cellular  hypoxia 
and  anoxia,  which,  if  severe  enough,  lead  to  multiple  met- 
abolic abnormalities  and  the  development  of  acidosis.  The 
body  compensates  for  hypoxemia  in  a  number  of  ways, 


including  increased  red  cell  mass,  increased  cardiac  out- 
put, and  increased  ventilation.  Indeed,  a  question  that  has 
always  fascinated  me  is  why  some  patients  with  chronic 
obstructive  pulmonary  disea.se  (COPD)  have  a  blunted  ven- 
tilatory response  to  hypoxemia  (the  bronchitic  "blue  bloat- 
er") while  others  have  a  brisk  ventilatory  response  to  hy- 
poxemia (the  emphysematous  "pink  puffer").  Could  it  be 
that  obstructive  disease  location  is  important?  Specifically, 
if  disease  is  predominantly  in  the  larger  airways,  with 
mucus  production  and  cough,  the  brain  seems  to  decide 
that  reduction  in  ventilatory  work  is  more  important  than 
maintenance  of  blood  gases.  In  contrast,  if  disease  is  more 
distal  in  the  lung,  involving  small  airways  and  alveoli,  the 
brain  .seems  to  decide  that  blood  gases  are  more  important 
than  ventilatory  work  reduction. 

The  discussion  then  turned  to  the  fact  that,  because 
ventilation-perfusion  mismatching  (as  opposed  to  shunts) 
is  the  major  mechanism  for  hypoxemia  in  COPD,  supple- 
mental oxygen  would  be  expected  to  readily  correct  it. 
Indeed,  in  reviewing  the  NOTT  study,  95%  of  the  hypox- 
emic COPD  study  patients  had  their  hypoxemia  adequately 
treated  with  ^  3  L/min  oxygen  supplementation.'  Dave 
then  cited  a  clever  analysis  that  combined  the  NOTT  trial 
data  with  the  data  from  nonhypoxemic  COPD  patients  in 
the  National  Institutes  of  Health  intermittent  positive-pres- 
sure breathing  trial.**  This  showed  that  the  treated  NOTT 
patients  had  survival  curves  almost  identical  to  those  in  the 
intermittent  positive-pressure  breathing  trial  who  were  not 
hypoxemic.  In  other  words,  it  suggested  that  if  you  get  rid 
of  this  hypoxemia  in  COPD  patients,  patient  mortality 
reverted  to  that  of  the  patient  who  is  not  hypoxemic. 

My  most  memorable  moment  of  Dave's  presentation 
was  the  picture  of  the  "blue  bloater"  and  the  "pink  puffer" 
side  by  side,  dramatically  illustrating  the  extremes  of  ven- 
tilatory response  to  hypoxemia  I  noted  above. 

Assessment 

The  conference  then  moved  on  to  technical  issues  re- 
lated to  LTOT.  Dean  Hess  started  this  discussion  and  was 
charged  with  reviewing  the  various  ways  to  monitor  and 
measure  oxygenation.  He  began  by  defining  direct  arterial 
blood  gas  measurements  as  the  "gold  standard"  for  quan- 
tifying hypoxemia.  It  didn't  come  out  until  the  subsequent 
discussion,  but  1  think  one  of  the  key  take-home  points 
about  blood  gas  measurements  was  the  magnitude  of  the 
inherent  variability  of  the  technique.  It  was  pointed  out 
that  various  proficiency  programs  recognize  that  10%  vari- 
ability is  within  the  95%  confidence  interval  for  test  re- 
producibility. This  means,  for  example,  that  a  partial  pres- 
sure of  oxygen  (Pq,)  measurement  of  70  mm  Hg  could 
actually  represent  a  P(,^  of  anywhere  between  63  and  77 
mm  Hg;  a  partial  pressure  of  carbon  dioxide  (Pco,)  mea- 
surement of  50  mm  Hg  could  represent  a  P^o,  of  anywhere 
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between  45  mm  Hg  and  55  mm  Hg.  Dean  also  addressed 
the  issue  of  using  capillary  blood  gases  as  a  substitute  for 
arterial  measurements.  I  agreed  with  Dean  when  he  pointed 
out  that  there  are  a  number  of  potential  pre-analytical  er- 
rors with  this  technique,  and  I  doubt  we're  going  to  see  it 
take  over,  at  least  in  adults,  in  the  United  States. 

"Point  of  care"  systems  are  an  increasingly  popular  way 
to  monitor  arterial  blood  gases,  and  these  can  either  be 
indwelling  sensors  or  sensors  attached  to  the  arterial  cath- 
eter, which  sample  withdrawn  blood  and  then  return  it  to 
the  patient.  Obvious  advantages  are  the  rapid  turnaround 
time  and  the  fact  that  no  blood  need  be  lost  from  the 
patient.  Correlation  of  point  of  care  measurements  with 
those  of  traditional  analyzers  is  remarkably  good,  but  the 
expense  of  these  systems  is  a  concern. 

Dean  spent  a  lot  of  time  reviewing  the  performance  of 
pulse  oximetry,  a  measurement  that  many  people  see  as 
the  "fifth  vital  sign."  He  pointed  out  quite  correctly  that 
the  correlation  of  arterial  oxygen  saturation  measured  via 
pulse  oximetry  (Spo,)  and  arterial  oxygen  saturation  mea- 
sured via  blood  gas  analysis  (S^qJ  's  heavily  dependent  on 
a  number  of  factors  and  can  often  be  quite  poor.  In  re- 
viewing Carlin's  data,''  for  instance,  a  substantial  number 
of  both  false  positives  and  false  negatives  were  observed 
in  patients  where  Spo,  <  85%  was  used  to  predict  arterial 
partial  pressure  of  oxygen  (Pao,)  <  55  mm  Hg  and  Spo^  > 
85%  was  used  to  predict  P^q,  >  55  mm  Hg.  Dean  right- 
fully reminded  us  that  "bad  data  are  worse  than  no  data." 
I  was  also  intrigued  with  a  survey  Dean  presented*  that 
showed  how  poorly  health  professionals  understood  the 
meaning  of  Spo,-  Indeed,  some  even  thought  it  was  a  mea- 
surement of  ventilatory  pattern!  Quite  a  commentary  on 
the  "fifth  vital  sign." 

My  most  memorable  moment  during  Dean's  presenta- 
tion came  during  the  discussion.  I  had  asked  the  group  if 
they  had  ever  seen  a  routine  "spot  check"  of  Spo,,  in  the 
absence  of  any  other  clinical  signs,  detect  something  im- 
portant before  anything  else  would  have  detected  it.  I 
pointed  out  that  back  home  I've  got  a  standing  offer  of  a 
steak  dinner  for  the  first  person  who  can  bring  me  a  doc- 
umented case  of  this  and  I  extended  this  same  offer  to  this 
group.  Needless  to  say.  my  steak  dinner  offer  remained 
unclaimed  in  Canciin,  just  as  it  has  in  Durham! 

I  wish  we  had  had  more  time  on  this  topic  because  we 
weren't  able  to  address  the  issue  of  direct  tissue  monitors 
for  hypoxia.  Dean  briefly  mentioned  the  concept  of  gastric 
tonometry  and  I  raised  the  issue  of  near  infrared  monitor- 
ing of  the  redox  state  of  brain  and  other  tissues.  Perhaps 
this  could  be  the  subject  of  a  future  conference 

Adverse  Effects 

Josh  Benditt  followed  and  was  charged  with  reviewing 
the  hazards  of  normobaric  oxygen.  He  divided  his  com- 


ments into  two  categories:  pulmonary  oxygen  toxicity  and 
carbon  dioxide  retention. 

I  found  it  interesting  that  the  first  description  of  pulmo- 
nary oxygen  toxicity  was  100  years  ago  in  an  animal  model 
exposed  to  a  fraction  of  inspired  oxygen  (F,o,)  of  0.8  for 
4  days.  Indeed,  much  of  the  data  on  the  pathology  and 
dose  response  of  the  lung  to  high  oxygen  concentrations 
has  come  from  animal  experiments.  Extrapolation  of  these 
findings  to  humans  is  risky,  however,  as  oxygen  toxicity 
appears  very  species  dependent.  It's  very  easy,  for  in- 
stance, to  make  a  rat  oxygen  toxic;  it's  much  more  difficult 
to  make  a  baboon  oxygen  toxic.  Josh  picked  an  F|o,  of  0.6 
as  a  threshold  for  pulmonary  oxygen  toxicity  in  humans, 
and  the  group  did  not  challenge  that  value.  However,  I  still 
think  that  the  toxic  F,o,  threshold  (both  concentration  and 
exposure  time)  remains  unknown.  In  this  regard,  I  was 
fascinated  by  Josh's  review  of  Tom  Petty' s  study  showing 
subtle  changes  suggestive  of  oxygen  toxicity  in  autopsies 
of  COPD  patients  exposed  chronically  to  only  low  levels 
of  supplemental  oxygen.^  On  the  other  hand,  I  recall  my 
own  experience  working  with  military  jet  pilots  with  thou- 
sands of  hours  of  intermittent  exposure  to  supplemental 
oxygen  who  showed  no  apparent  abnormalities  in  routine 
pulmonary  function  testing. 

Josh  then  addressed  the  fact  that  mild  hypercarbia  is 
common  in  COPD  patients  on  LTOT.  A  relatively  mild 
hypoventilation  (perhaps  due  to  a  reduction  in  hypoxic 
ventilatory  drive?)  was  originally  thought  to  be  the  mech- 
anism of  this.  Subsequent  studies,  however,  have  suggested 
that  oxygen  effects  on  regional  perfusion  in  the  lung  and 
the  Haldane  effect  in  red  blood  cells  may  be  more  impor- 
tant mechanisms  of  mild  hypercarbia  in  the  stable  COPD 
patient  on  LTOT.**  Nevertheless.  I  think  we  all  agreed  that 
abrupt  and  excessive  increases  in  supplemental  oxygen  for 
the  decompensating  COPD  patient  can  shut  off  the  respi- 
ratory drive  and  produce  a  respiratory  arrest. 

My  favorite  memory  of  Josh's  presentation  was  the  pic- 
ture of  the  Sasquatch.  a  legendary  creature  of  the  Pacific 
Northwest.  Citing  Dave  Pierson's  skepticism  of  the  im- 
portance of  oxygen  toxicity  in  the  intensive  care  unit.  Josh 
likened  oxygen  toxicity  to  the  Sasquatch  — "often  dis- 
cussed but  rarely  seen." 

Equipment 

Bob  Kacmarek  was  the  next  speaker  and  was  charged 
with  reviewing  the  equipment  used  for  LTOT.  Bob  re- 
viewed and  "scored"  the  3  major  LTOT  systems:  liquid 
oxygen,  tank,  and  concentrator.  He  gave  liquid  oxygen 
high  scores  for  F|o,  capabilities  and  portability,  but  low 
scores  for  capital  and  delivery  costs.  He  gave  high  scores 
to  tanks  for  F|o,  and  flow  capabilities,  but  low  scores  for 
delivery  costs.  He  gave  concentrators  high  scores  for  costs, 
but  low  scores  for  F,o,,  flow  rate,  and  portability.  In  the 
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end,  Bob's  scorecard  gave  the  "win"  to  liquid  oxygen,  but 
by  a  close  margin.  Interestingly,  during  the  discussion, 
issues  of  ease  of  use  and  safety  were  also  raised  as  legit- 
imate additions  to  the  scorecard. 

What  I  thought  was  really  intriguing  in  Bob's  presen- 
tation was  the  concept  of  using  a  concentrator  to  fill  tanks 
or  even  liquid  oxygen  systems.  If  this  could  be  done  eas- 
ily, it  would  go  a  long  way  toward  making  the  portable 
liquid  or  tank  systems  as  cheap  as  concentrators. 

My  most  memorable  moment  with  Bob's  presentation 
was  marveling  at  how,  once  again,  he  had  taken  a  complex 
topic  and  reduced  it  to  a  simple  "scorecard."  As  the  sum- 
marizer,  I  was  grateful  for  this! 

Conservation,  Costs,  and  Quality 

Bob  McCoy  followed  as  the  first  of  two  "industry"  speak- 
ers. I  think  it's  important  that  we  have  industry  represen- 
tation, both  unofficially  and  officially,  at  these  confer- 
ences. They  give  a  perspective  to  things  that  I  think  is  vital 
for  clinicians  to  appreciate. 

Bob's  charge,  on  the  surface,  sounded  somewhat  tech- 
nical. "What  is  the  role  of  oxygen  conservation  devices 
and  how  do  they  work?"  But  the  underlying  theme  of 
Bob's  presentation  was  probably  much  more  important: 
addressing  the  whole  issue  of  LTOT  cost.  Let's  face  it:  the 
primary  purpose  of  a  conserving  device  is  to  reduce  cost. 
Aside  from  the  fact  that  a  conserving  device  might  reduce 
system  weight,  it  has  no  physiologic  benefit.  I  hadn't  realized 
that  it  costs  $35  to  send  a  truck  out  and  refill  tanks.  If  you're 
doing  that  once  a  week,  and  you're  only  getting  a  little  over 
$200  a  month  in  reimbursement  for  it,  I  can  see  why  the  issue 
of  oxygen-conserving  devices  becomes  critical.  This  is  an 
important  point  for  clinicians  to  understand. 

Bob  went  through  the  various  methods  of  conserving 
oxygen.  I  thought  the  first  one  was  particularly  interesting: 
just  set  the  prescription  right!  Lower  flow  (or  discontinue  it 
when  you  don't  need  it).  Raise  flow  only  when  you  need  it. 

Another  approach  to  conservation  is  reservoirs.  While 
effective,  these  devices  have  serious  cosmetic  problems. 
The  demand  systems  appear  to  have  considerable  poten- 
tial, but  the  issue  of  system  sensitivity/responsiveness  to 
patient  effort  is  important.  I  was  particularly  intrigued  with 
the  idea  of  "charging"  the  demand  system  tubing  with 
oxygen  before  the  next  breath,  and  was  disappointed  that 
no  such  systems  exist.  Bob  emphasized  that  the  transtra- 
cheal .system  is  an  excellent  oxygen-con.serving  device.  I 
hadn't  known  that  there  are  15,000  of  them  in  use;  I  also 
hadn't  known  that  unreimbursed  replacement  costs  were 
such  a  barrier  to  wider  usage. 

Bob  pointed  out  that  there's  a  lot  of  variability  in  the 
delivery  of  these  systems.  For  instance,  a  2  L/min  setting 
can  range  the  inspired  F|o,  from  24%  to  28%,  depending 
on  the  device,  the  inspiratory  time,  the  tidal  volume,  etc. 


That's  a  difference  of  about  28  mm  Hg,  if  I  did  my  math- 
ematics correctly,  and  that's  a  sizeable  variability.  The 
message  was  that  you've  got  to  carefully  pick  the  right 
conserving  device  for  the  right  situation. 

During  the  discussion,  we  started  talking  about  the  issue 
of  qualified  people  going  to  the  home  to  make  sure  that 
patients  are  using  LTOT  appropriately — that  they're  using 
it  when  they're  supposed  to  be  using  it,  and  that  they've 
got  the  right  dosing  regimen.  Conceptually,  these  kinds  of 
assessments  should  save  money,  for  two  reasons.  First,  the 
most  cost-effective  device/dose  can  be  provided  and  adjusted 
as  needs  change.  Second,  improved  patient  compliance  should 
result  in  less  need  for  other  health  care  services.  Qualified 
respiratory  therapists  seem  ideal  for  this  role. 

My  memorable  moment  from  Bob's  presentation  was  a 
sobering  one.  While  the  presentation  was  technical,  the 
underlying  message  involved  the  very  basic  conflict  be- 
tween cost  containment  and  quality  care  that  we  face  every 
day  in  this  business  of  taking  care  of  patients. 

Effects  on  Mortality  and  Morbidity 

Jerry  Criner  followed  and  was  charged  with  reviewing 
the  mortality  and  major  morbidity  benefits  of  LTOT.  Sim- 
ilar to  previous  speakers,  he  referred  to  the  NOTT  and 
MRC  trials  to  demonstrate  the  important  mortality  benefits 
of  LTOT  in  patients  with  persistent  hypoxemia.  He  also 
reviewed  medical  care  costs  (ie,  hospitalization  rates)  in 
the.se  trials  and  showed  that  there  was  a  trend  toward  de- 
creased hospitalization,  but  the  trend  didn't  reach  statisti- 
cal significance.  One  quesdon  that  always  comes  up  in 
these  kinds  of  analyses  is  that  control  group  hospitaliza- 
tion rate  may  be  lower  simply  because  the  sickest  died  off 
more  rapidly  in  that  group! 

Jerry  pointed  out  that  in  a  Polish  study  (later  reviewed 
by  Jan  Zielinski),  patients  with  Po,  >  55  mm  Hg  received 
no  benefit  from  LTOT  over  3  years.''  So,  the  message  here 
is  that  oxygen  therapy  works,  but  it  only  works  in  those  in 
whom  hypoxemia  is  an  issue. 

Jerry  then  reviewed  a  number  of  hemodynamic  studies, 
looking  primarily  at  the  issue  of  pulmonary  artery  pres- 
sures secondary  to  hypoxemia.  He  showed  that  in  the  NOTT 
trial,  continuous  oxygen  therapy  reduced  pulmonary  vas- 
cular resistance  more  than  nocturnal  oxygen  therapy.  He 
also  reviewed  other  data  showing  that  abrupt  withdrawal 
of  oxygen  in  hypoxemic  patients  really  wreaked  havoc  on 
the  pulmonary  artery  circulation.  He  also  showed  data  that 
the  acute  response  of  pulmonary  artery  pressure  to  oxygen 
wasn't  much  of  a  predictor  as  to  who  was  going  to  benefit 
from  LTOT. 

The  most  memorable  a.spect  of  Jerry's  contribution  was 
the  incredible  depth  and  breadth  of  his  presentation.  In- 
deed, his  performance  prompted  Tom  Petty  to  remind  us 
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of  the  definition  of  an  academic  pulmonary  physician: 
"Someone  who  is  long-winded  about  the  short-winded"! 

Neuropsychological  and  Quality  of  Life  Issues 

Our  first  European  representative  was  Jadwiga 
Wedzicha.  She  was  charged  with  reviewing  the  issue  of 
neuropsychiatric  impairment  and  LTOT.  1  found  this  to  be 
an  interesting  discussion,  as  much  for  what  1  didn't  learn 
as  what  I  did  learn.  By  that  I  mean  that  the  neuropsychi- 
atric field  is  a  very  difficult  field  in  which  to  do  rigorously 
controlled  studies.  The  instruments  that  measure  neuro- 
psychiatric function  are  quite  subjective,  and  there's  an 
incredible  amount  of  "noise  amidst  the  signals."  It  is  thus 
very  difficult  to  do  these  kinds  of  assessments  in  sick 
patients,  particularly  over  time,  particularly  when  there  are 
a  lot  of  other  things  going  on.  I  think  it's  clear  that  there 
is  neuropsychiatric  impairment  in  hypoxemic  COPD  pa- 
tients, though  it's  difficult  to  separate  whether  this  impair- 
ment is  due  to  hypoxemia,  chronic  disease,  high  red  blood 
cell  effect,  medications,  the  presence  of  a  supplemental 
oxygen  device  that  makes  a  patient  "look"  impaired,  or  the 
abnormal  mechanics  of  the  lung  disease. 

There  are  data  from  the  NOTT  trial  that  show  improve- 
ment in  neuropsychiatric  function,  and  it  seemed  to  be 
better  in  the  continuous  oxygen  group  than  the  nocturnal 
oxygen  group,  especially  at  the  12-month  mark.'"  There 
are  no  other  well  controlled  trials  addressing  this,  how- 
ever. Jadwiga  was  thus  forced  to  review  a  number  of  stud- 
ies using  historical  or  case  controls.  LTOT  in  these  studies 
didn't  necessarily  improve  neuropsychiatric  scores,  al- 
though as  she  put  it,  oxygen  may  have  stabilized  these 
symptoms 

My  most  memorable  moment  came  during  the  discus- 
sion period.  A  number  of  conference  participants  argued 
that  randomized  trials  were  needed  to  see  if  LTOT  had 
beneficial  neuropsychiatric  effects  for  hypoxemic  patients 
with  disease  other  than  COPD  (no  data  exist  in  this  field). 
Jadwiga  countered  passionately  that  depriving  such  hy- 
poxemic patients  of  supplemental  oxygen  just  to  prove 
how  badly  they  would  do  neuropsychiatrically  would  be 
unethical. 

Long-Term  Oxygen  Therapy  in  Disorders  Other  than 
Chronic  Obstructive  Pulmonary  Disease 

We  closed  out  the  first  day  with  Jan  Zielinski,  whose 
charge  was  to  look  at  the  effects  of  hypoxemia  and  LTOT 
in  patients  without  COPD.  He  made  a  number  of  interest- 
ing points.  First,  he  emphasized  that  around  the  world 
there  is  quite  a  range  of  long-term  oxygen  utilization  in 
different  diseases.  For  instance,  in  the  United  States  only 
24%  of  patients  on  oxygen  are  non-COPD,  whereas  in 
Japan  it's  61%,  and  in  the  Czech  Republic  it's  only  6%.  In 


Japan  much  of  the  LTOT  use  is  driven  by  the  management 
of  post-tuberculosis  patients. 

Jan  then  did  something  that  we  don't  often  see  at  a 
conference  like  this:  he  presented  new  data!  Not  only  new 
data,  but  a  whole  trial  that  has  never  been  published.  The 
trial  involved  62  patients  with  restrictive  lung  disease  fol- 
lowed over  a  4-year  period.  These  patients  had  total  lung 
capacity  measurements  less  than  80%,  were  hypoxemic, 
and  were  randomized  to  LTOT  or  control.  The  most  im- 
pressive results  were  that  there  was  a  huge  mortality  (90% 
after  3  years)  and  that  LTOT  seemed  to  have  no  effect  on 
it.  Jan  discussed  some  other  nonrandomized  data  of  inter- 
stitial pulmonary  fibrosis  and  oxygen  usage,  and  all  showed 
substantial  mortality  in  hypoxemic  interstitial  pulmonary 
fibrosis.  With  that  kind  of  mortality,  oxygen  therapy  is 
unlikely  to  have  much  of  an  effect.  This  brought  us  back 
to  the  discussion  we  had  previously  with  Jadwiga;  if  you're 
going  to  justify  oxygen  use  in  these  types  of  patients,  you 
need  to  have  something  other  than  mortality  data  (eg,  im- 
proved quality  of  life  data  or  medical  care  costs)  to  justify 
the  expenditure. 

My  most  memorable  moment  was  giving  Jan  the  award 
for  the  best  new  study  presented  at  an  American  Associ- 
ation for  Respiratory  Care/American  Respiratory  Care 
Foundation  Journal  Conference!  With  that,  the  first  day 
ended. 

Long-Term  Oxygen  Therapy  or  Noninvasive 
Ventilation? 

The  next  day  Jadwiga  started  off  with  a  kind  of  different 
twist  on  things.  Instead  of  addressing  LTOT,  she  was 
charged  with  reviewing  the  strategy  of  using  noninvasive 
positive  pressure  ventilation  (NPPV),  either  as  a  replace- 
ment for  or  adjunct  to  LTOT.  The  concept  underlying 
NPPV  therapy  in  hypoxemic  patients  is  that  "resting"  over- 
loaded ventilatory  muscles  at  night  might  improve  blood 
gases  and  patient  outcome.  It  is  important  to  note  that  her 
charge  was  not  to  discuss  obstructive  sleep  apnea  or  cen- 
tral sleep  apnea,  because  these  are  conditions  where  non- 
invasive ventilation  (or  continuous  positive  airway  pres- 
sure) clearly  does  have  a  role. 

Jadwiga  relied  heavily  on  the  study  she  co-authored 
with  Meecham  Jones  that  supported  the  use  of  nocturnal 
NPPV  in  patients  with  hypercarbic  COPD,  based  on  im- 
proved blood  gas  values."  She  also  reviewed  some  smaller 
studies  from  Leger'-  and  Jones'^  that  suggested  that  hos- 
pitalizations might  also  be  reduced  in  this  population  with 
the  use  of  a  mask  ventilator.  But  she  also  pointed  out  that 
there  are  conflicting  data  here.  Lin's  data,  for  instance, 
suggested  that  NPPV  did  little  for  this  patient  population 
long-term.'-' 

This  issue  is  particularly  relevant  in  the  United  States, 
where  a  number  of  regulations  on  NPPV  are  currently 
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being  formulated  by  various  payers.  For  instance,  the  ten- 
tative Medicare  reimbursement  rules  will  provide  for  NPPV 
in  COPD  patients  only  if  there  is  hypercarbia  above  P^o, 
52  mm  Hg.  Moreover,  NPPV  in  this  situation  is  not  to 
have  a  backup  rate  unless  there's  a  sleep  study  verifying 
that  backup  rates  are  needed 

My  most  memorable  moment  during  this  presentation 
was  again  supplied  by  Tom  Petty.  He  challenged  the  basic 
tenet  of  nocturnal  NPPV  in  hypercarbic  patients — that  get- 
ting the  daytime  Pco,  lower  was  beneficial.  Indeed,  he 
pointed  out  that  the  body  adapts  quite  well  to  "permissive 
hypercapnia"  and  that  nocturnal  unloading  of  ventilatory 
muscles  might  have  little  or  no  long-term  benefit. 

Nocturnal  Oxygen  Desaturation 

Walter  O'Donohue  followed,  with  the  charge  of  review- 
ing nocturnal  oxygen  desaturation  (NOD — certainly  a  great 
acronym  for  a  sleep  syndrome!).  His  focus  was  on  patients 
who  do  not  have  daytime  hypoxemia  but  who  develop 
hypoxemia  at  night.  Walter  discussed  possible  mechanisms: 
hypoventilation,  smaller  tidal  volume,  muscle  hypotonia, 
decreased  functional  residual  capacity,  increased  dead 
space,  increased  airway  resistance,  mucous  production,  and 
decreased  cough,  decreased  ventilatory  drive,  and  ventila- 
tion-perfusion  ratio  mismatching  from  atelectasis  and  the 
supine  position. 

The  criteria  to  define  NOD  is  controversial.  Some  ex- 
amples include:  "Spo,  <  90%  for  >  30%  of  sleep  time"; 
"nocturnal  Spo,  <  85%  for  >  5  min";  and  "Spo,  falls  > 
5%  at  night  with  daytime  symptoms."  Walter  estimated 
from  the  data  in  the  literature  that,  depending  upon  the 
NOD  criteria  used,  as  many  as  25-45%  of  COPD  patients 
may  actually  have  NOD.  If  so,  this  would  dwarf  the  cur- 
rent number  of  patients  currently  receiving  LTOT — a  daunt- 
ing economic  prospect!  At  least  in  some  studies  NOD  is 
as.sociated  with  elevation  in  pulmonary  artery  pressure. 
This  probably  is  associated  with  mortality  and  may  be 
related  to  neuropsychiatric  dysfunction.'^ 

Unfortunately,  there  are  no  good  daytime  predictors  of 
NOD,  so  nocturnal  oxygenation  assessments  are  needed 
for  the  diagnosis.  This  raised  the  issue  of  routinely  screen- 
ing COPD  patients  for  NOD.  Walter,  however,  wisely 
pointed  out  that,  since  we  don't  really  know  the  benefits  of 
nocturnal  oxygen  therapy  in  these  otherwise  asymptomatic 
patients  (see  below),  we  ought  to  restrict  our  nocturnal 
assessments  to  those  in  whom  we  think  it's  likely  to  be 
clinically  important:  patients  with  right  heart  dysfunction, 
polycythemia,  and  other  indications  of  significant  chronic 
hypoxemia. 

Walter  pointed  out  that  there  are  very  few  studies  show- 
ing that  giving  oxygen  to  patients  with  NOD  really  changes 
things.  There  is  some  evidence  that  LTOT  in  NOD  pa- 
tients can  reverse  pulmonary  artery  hypertension.""  This 


conceivably  could  translate  into  a  survival  benefit.  There 
does  not  appear  to  be  much  change  in  neuropsychiatric 
function  with  LTOT  in  NOD  patients,  however.  It  thus 
appears  that  the  role  of  oxygen  at  night  in  NOD  patients  is 
unclear.  I  came  into  this  conference  thinking  it  was  pretty 
straightforward  that  if  you  saw  somebody  with  NOD  you 
ought  to  treat  them;  now  I'm  not  so  sure. 

The  memorable  moment  here  was  Walter  "doing  the 
mathematics."  Specifically,  if  in  fact  25-45%  of  patients 
with  COPD  really  do  have  NOD  and  really  should  get 
nocturnal  LTOT,  the  cost  would  be  staggering.  It  was  so- 
bering to  contemplate  where  this  money  should  come  from. 

Exercise  Desaturation 

My  talk  followed,  and  my  charge  was  to  review  the 
issue  of  exercise  hypoxemia  (exercise  oxygen  desaturation 
or  XOD).  I  first  reviewed  the  mechanisms  for  exercise 
impairment  in  chronic  lung  disease.  Certainly  exercise  hy- 
poxemia is  one  of  them,  but  abnormal  ventilatory  patterns, 
dyspnea,  and  right  heart  dysfunction  are  all  components  of 
this  as  well.  Oxygen  clearly  can  improve  exercise  perfor- 
mance in  hypoxemic  patients  by  preventing  hypoxemia. 
But  oxygen  also  appears  to  benefit  nonhypoxemic  patients 
as  well.  The  mechanisms  of  this  are  not  entirely  clear,  but 
they  appear  to  be  related  to  decreased  ventilatory  needs 
("permissive  hypercapnia"),  better  ventilatory  patterns 
(longer  expiratory  times  reducing  air  trapping),  and,  in 
those  with  bad  right  heart  function,  improvement  in  ven- 
tricular performance.  There  may  also  be  a  reduction  in 
subjective  exercise-related  dyspnea. 

I  next  addressed  the  issue  of  whether  these  kinds  of 
patients  can  be  reconditioned  if  the  XOD  can  be  treated 
with  oxygen.  The  study  by  Kramer  addressed  this.'''  He 
took  hypoxemic  patients  to  the  "hyperbaric"  conditions  of 
the  Dead  Sea  and  showed  that  increasing  the  partial  pres- 
sure of  inspired  oxygen  improved  exercise  performance. 
Moreover,  training  these  patients  in  this  environment  pro- 
duced a  conditioning  effect  that  stayed  intact  even  upon 
return  to  sea  level.  My  own  data  on  hypoxemic  patients  in 
a  rehabilitation  program  support  this  notion."*  In  contrast, 
data  from  McDonald  suggested  that  supplemental  oxygen 
in  these  patients  during  activities  of  daily  living  (not  ex- 
ercise training)  had  little  long-term  benefit.'^ 

My  most  memorable  moment  during  my  presentation 
was  that  I  didn't  have  to  take  excessive  notes  for  this 
summary ! 

Ambulatory  Oxygen 

I  thought  it  was  appropriate  that  we  had  Tom  Petty 
come  back  after  me  to  discuss  the  issue  of  ambulatory 
oxygen.  I  say  this  because  ambulatory  oxygen  is  required 
if  we  expect  hypoxemic  patients  to  safely  perfonn  meta- 
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bolically-challenging  activities.  Tom  brought  the  NOTT 
trial  bacl:.  but  he  analyzed  it  in  a  different  way  this  time. 
He  showed  that  those  on  continuous  oxygen  therapy  who 
walked,  who  walked  a  lot,  had  by  far  the  best  outcome. 
This  analysis,  of  course,  raises  the  question  of  what  came 
first  (ie,  was  it  those  who  could  walk  had  better  outcomes 
or  was  it  that  exercise  made  possible  by  oxygen  was  the 
difference?).  Nevertheless,  I  believe  that  if  oxygen  en- 
hances the  ability  of  a  patient  to  increase  activity,  this  has 
to  be  viewed  as  beneficial. 

This  whole  issue  is  particularly  critical  because,  as  Bob 
McCoy  and  Pat  Dunne  addressed  in  their  presentations, 
reimbursement  for  ambulatory  oxygen  is  woefully  under- 
funded. From  the  United  States  Health  Care  Financing 
Administration's  perspective,  it  is  much  cheaper  to  just 
stick  a  concentrator  alone  in  a  home  than  it  is  to  supply 
systems  that  allow  portability  and  ambulation.  This  strat- 
egy provides  a  disincentive  to  the  very  thing  we  are  trying 
to  achieve — maximizing  functional  capabilities.  Tom  cer- 
tainly provided  the  ammunition  to  get  this  re-thought! 

Another  interesting  point  that  Tom  brought  up  was  the 
idea  of  "restorative  effects"  of  oxygen.  This  means  that 
after  a  number  of  weeks  or  months  of  oxygen  usage  the 
need  for  oxygen  may  actually  go  down.  Whether  this  is 
because  of  better  heart  function,  better  conditioning,  or 
some  other  mechanism  is  not  clear.  Regardless  of  the  mech- 
anism, Tom  made  the  point  that,  just  as  you  don't  with- 
draw anti-hypertensive  medicines  from  a  person  whose 
hypertension  is  under  control,  so  also  you  should  not  re- 
move oxygen  from  previously  hypoxemic  patients 

I  had  two  memorable  moments  during  this  presentation. 
First,  Tom  showed  us  a  publication  called  Oxygen  Maga- 
zine, which  had  attractive  models  cavorting  on  the  cover. 
It  was  unclear  how  oxygen  produced  the  results  we  were 
shown,  but  all  of  us  clearly  wanted  subscription  informa- 
tion! Second,  Tom  coined  a  new  word,  "schleppable." 
describing  the  difficulty  an  emphysema  patient  has  in  haul- 
ing oxygen  tanks  around. 

Air  Travel  and  Oxygen 

Jamie  Stoller  followed  with  a  discussion  of  the  effects 
of  altitude  on  hypoxemic  patients,  particularly  with  rela- 
tionship to  the  safety  of  air  travel  and  the  logistics  of  air 
travel.  This  was  a  typical  Jamie  presentation — very  com- 
prehensive, very  clear,  and  quite  entertaining.  He  pointed 
out  that  commercial  airlines  are  generally  pressurized  to 
an  altitude  equivalent  of  6,000-8,000  feet.  Knowing  this, 
you  can  predict  a  patient's  Pq  at  altitude  with  various 
formulas,  but  he  emphasized  that:  (a)  it  is  often  difficult  to 
predict  a  person's  ventilatory  response  (and  thus  P^q^  re- 
sponse) to  altitude,  and  (b)  the  human  body  has  remark- 
able tolerance  for  brief  periods  of  moderate  hypoxemia. 


Jamie  then  described  a  number  of  techniques  to  simu- 
late altitude  in  patients,  in  an  effort  to  determine  who 
might  really  need  supplemental  oxygen  while  flying.  These 
included  various  mask  setups  as  well  as  hypobaric  oxygen 
exposure  in  a  chamber.  He  pointed  out  that  the  Aerospace 
Medical  Association  recommends  that  patients  ought  to 
get  oxygen  while  flying  if  the  predicted  or  measured  Pq^  at 
altitude  is  going  to  be  less  than  50  mm  Hg.-"  1  suspect, 
however,  that  a  lot  of  people  don't  follow  that  recommen- 
dation (it  would  mean,  for  example,  that  most  patients 
with  resting  Pq,  values  in  the  low  70s  should  get  supple- 
mental oxygen  while  flying). 

Interestingly,  Jamie  pointed  out  that  there  are  still  only 
about  1  in  30,000  flights  with  medical  "incidences"  and 
only  about  10%  of  those  are  respiratory-related.  Jamie  also 
pointed  out  that  there  are  about  70  to  200  oxygen  patients 
on  each  airline  each  year.  In  reviewing  airline  oxygen 
policies,  Jamie  noted  that  24%  of  airlines  simply  don't 
allow  it.  In  those  that  do,  cost  can  be  prohibitive.  Although 
some  airlines  will  let  patients  have  oxygen  for  free,  most 
charge  a  fee,  some  as  much  as  $  1 ,500,  with  a  requirement 
for  up  to  4  weeks  of  preparation. 

Jamie  brought  forth  two  other  issues  about  air  travel  that 
I  found  intriguing.  One  was  that  a  benefit  of  going  to 
altitude  was  that  the  slightly  lower  density  breathing  gas 
may  help  the  ventilatory  process.  Another  issue  was  that  of 
blebs,  or  recent  lung  surgeries,  where  the  hypobaric  con- 
ditions of  flight  can  cause  expansion  of  closed  gas  spaces, 
with  resulting  pain  or  even  lung  rupture. 

During  Jamie's  presentation  my  most  memorable  mo- 
ment occurred  during  his  review  of  airline  policies  on 
supplemental  oxygen.  In  this  review  he  pointed  out  that 
most  airlines,  out  of  concern  for  aircraft  safety  with  an 
oxygen  system,  mandate  that  patients  use  the  airline's 
equipment.  Indeed,  Jamie  could  find  only  one  airline  (iron- 
ically, the  one  airline  that  flew  many  of  us  down  here)  that 
allowed  a  patient  to  bring  his/lier  own  tanks  on  board.  It 
was  not  surprising  then  to  see  several  conference  partici- 
pants on  the  telephone  rearranging  flights  following  his 
presentation ! 

Demographics 

Patrick  Dunne,  our  second  industry  speaker,  was  charged 
with  reviewing  how  many  people  are  on  LTOT,  what  are 
the  "drivers"  for  providing  LTOT,  and  what  are  the  eco- 
nomic consequences  of  LTOT.  He  first  "went  through  the 
mathematics"  of  how  many  people  were  on  LTOT  and 
finally  arrived  at  the  conclusion  that  the  number  in  the 
United  States  was  in  the  neighborhood  of  three  quarters  of 
a  million,  maybe  as  many  as  a  million  (remarkably  close 
to  Tom  Petty's  estimate  of  one  million  at  the  beginning  of 
the  conference!).  A  more  interesting  number,  however, 
was  that  in  the  United  States  there  are  241  LTOT  patients 
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per  100,000  population,  whereas  in  the  rest  of  the  world 
there  are  fewer  than  30  per  100,000.  That's  an  8-fold 
difference  in  oxygen  use.  and  probably  reflects  a  combi- 
nation of  higher  awareness,  higher  health  care  accessibil- 
ity, and  higher  reimbursement  in  the  United  States. 

Patrick  then  went  through  a  nice  review  of  the  costs  of 
LTOT.  For  instance.  I  didn't  realize  it  costs  $35  a  month 
in  electricity  to  run  a  concentrator  or  that  the  trucking 
costs  for  tanks/liquid  oxygen  are  so  high.  Despite  these,  I 
thought  it  was  interesting  that  Patrick  still  considers  oxy- 
gen a  high  margin  item  (although  portable  systems,  in 
particular,  were  threatening  this  margin).  Pat  pointed  out 
that  4  months  of  LTOT  costs  about  as  much  as  1  day  of 
hospitalization  (recall  Tom  Petty' s  "chart  weight"  outcome 
measure  noted  above).  Pat,  however,  also  pointed  out  a 
basic  problem  inherent  in  our  governmental  involvement 
in  health  care:  Part  A  Medicare  has  little  to  do  with  Part  B 
Medicare  in  terms  of  accounting  or  accountability.  There 
is  thus  no  incentive  for  development  of  programs  in  one 
that  produce  cost  savings  in  the  other 

Following  Pat's  comments,  there  was  a  lively  discus- 
sion about  oxygen  as  a  commodity  versus  oxygen  as  a 
therapeutic  strategy.  Issues  regarding  the  need  for  techni- 
cal expertise  in  setting  up  oxygen  and  proper  assessment 
thereafter  were  again  raised,  and  the  potential  role  of  the 
respiratory  therapist  was  again  emphasized.  Bob  McCoy 
made  the  point  that  without  accepted  standards  there's  "no 
basement"  to  the  payment  reductions  that  can  take  place. 

My  memorable  moment  during  Pat's  talk  was  listening 
to  him  describe  an  oxymoron  as  Health  Care  Financing 
Administration's  ability  to  exercise  "inherent  reasonable- 


ness 


The  Polish  System 

The  conference's  last  speaker  was  Jan.  His  charge  was 
to  summarize  how  his  country  (Poland)  had  addressed  the 
issue  of  LTOT.  Interestingly,  Poland  has  LTOT-qualifying 
criteria  similar  to  those  of  the  United  States,  yet  utilization 
is  severalfold  less  than  the  United  States.  This  again  raised 
the  issues  of  awareness,  access  to  care,  and  availability  of 
suppliers  as  major  factors  in  utilization. 

The  Polish  LTOT  system  provides  only  concentrators 
(no  ambulatory  systems),  but  Poland  provides  these  pa- 
tients with  regular  assessments,  which  include  arterial  blood 
gas  analysis,  spirometry,  chest  radiographs,  and  even  nurs- 
ing visits  to  the  home.  The  argument  could  be  made  that 
these  careful  assessments  might  be  an  important  factor  in 
controlling  utilization  by  assuring  appropriateness.  Jan  also 
supplied  data  from  the  Polish  system  that  suggested  a  sig- 
nificant drop  in  hospitalization  rates  for  hypoxemic  pa- 
tients on  LTOT. 

My  memorable  moment  during  Jan's  talk  was  his  de- 
scription of  the  home  visit  by  the  nurse.  The  Polish  cus- 


tom, apparently,  is  to  not  only  have  the  nurse  perform 
clinical  assessments  but  to  also  to  share  a  cup  of  tea  with 
the  family.  A  lot  can  be  said  about  a  system  that  values 
that  kind  of  patient-caregiver  involvement. 

Summary 

With  Jan's  presentation,  the  conference  concluded.  In 
looking  back  on  it,  I  think  it  is  obvious  that  the  group 
heard  a  very  comprehensive,  state-of-the-art  review  of  this 
very  important  topic.  Obviously,  LTOT  has  enormous  clin- 
ical and  financial  impact  for  millions  of  patients  around 
the  world.  Indeed,  LTOT  is  one  of  the  few  therapies  avail- 
able that  has  clearly  been  shown  in  randomized  controlled 
trials  to  impact  mortality.  There  are  many  questions  that 
remain,  however.  To  me,  the  most  important  of  these  ques- 
tions involve  the  diagnosis  and  management  of  patients 
who  do  not  have  resting  hypoxemia  but  who  do  have  NOD 
and/or  XOD.  How  aggressively  should  we  "screen"  for 
these  conditions?  If  we  find  them,  do  we  treat  continu- 
ously or  just  during  the  hypoxemic  episodes?  What  is  the 
role  of  supplemental  oxygen  during  rehabilitative  exer- 
cises (including  usage  in  patients  who  don't  become  hy- 
poxemic)? The  answers  to  these  questions  will  clearly  have 
substantial  clinical  and  financial  impact. 

Other  memorable  aspects  of  this  conference  included 
the  tireless  efforts  of  Ray  Masferrer  to  pull  this  conference 
off,  the  special  camaraderie  of  the  participants  that  made 
the  discussions  so  productive,  and  the  lovely  location  that 
gave  the  conference  an  atmosphere  of  high  quality.  I'd  like 
to  recognize  and  thank  two  important  groups.  First,  the 
American  Association  for  Respiratory  Care  did  a  superb 
job  of  organizing  the  conference  and  providing  the  journal 
Respiratory  Care  as  a  forum  to  publish  the  proceedings. 
Second,  our  3  industry  sponsors  not  only  provided  critical 
funding  support  but  also  gave  the  group  important  per- 
spectives during  many  of  the  discussions.  These  kinds  of 
industry-profession  collaborations  benefit  everyone.  Fi- 
nally, I'd  like  to  extend  my  congratulations  to  all  the  speak- 
ers for  jobs  well  done  and  to  thank  them  for  making  my 
job  as  summarizer  an  enjoyable  one. 

REFERENCES 

1 .  Continuous  or  noclumal  oxygen  therapy  in  hypoxemic  chronic  ob- 
structive lung  disease;  a  clinical  trial.  Nocturnal  Oxygen  Therapy 
Trial  Group.  Ann  Intern  Med  l9X0;9.^(.^):.19l-.398. 

2.  Long-term  domiciliary  oxygen  therapy  in  chronic  hypoxic  cor  pul- 
monale complicating  chronic  bronchitis  and  emphysema.  Report  of 
the  Medical  Research  Council  Working  Party.  Lancet  I98l;l  (8222): 
681-686. 

3.  Timms  RM,  Kvale  PA.  Anthonisen  NR.  Boylen  CT,  Cugell  DW, 
Petty  TL.  Williams  GW,  Selection  of  patients  with  chronic  obstruc- 
tive pulmonary  disease  for  long-term  oxygen  therapy.  JAMA  1981: 
245(24):2.'il4-2.Sl.'i. 


244 


Respiratory  Care  •  February  20(X)  Vol  45  No  2 


Long-Term  Oxygen  Therapy:  Conference  Summary 


4.  Intermittent  positive  pressure  breathing  therapy  in  chronic  obstruc- 
tive lung  disease:  a  clinical  trial.  Ann  Intern  Med  198.1;99(5):612- 
620. 

5.  Carlin  BW,  Clausen  JL,  Ries  AL.  The  use  of  cutaneous  oximetry  in 
the  prescription  of  long-term  oxygen  therapy.  Chest  1988;94(2);239- 
241. 

6.  Stoneham  MD,  Saville  GM,  Wilson  IH.  Knowledge  about  pulse 
oximetry  among  medical  and  nursing  staff.  Lancet  1994;344(8933): 
1339-1342. 

7.  Petty  TL,  Stanford  RE,  Neff  TA.  Continuous  oxygen  therapy  in 
chronic  airway  obstruction:  observations  on  possible  oxygen  toxicity 
and  survival.  Ann  Intern  Med  1971;75(3):361-367. 

8.  Derenne  JP,  Fleury  B.  Pariente  R.  Acute  respiratory  failure  of  chronic 
obstructive  pulmonary  disease.  Am  Rev  Respir  Dis  1 988;  138(4): 
1006-33. 

9.  Gorecka  D,  Gorzelak  K,  Sliwinski  P,  Tobiasz  M,  Zielinski  J.  Effect 
of  long-term  oxygen  therapy  on  survival  in  patients  with  chronic 
obstructive  pulmonary  disease  with  moderate  hypoxaemia.  Thorax 
1997;52(8):674-679. 

10.  Petty  TL,  Nett  LM.  The  history  of  long-term  oxygen  therapy.  Respir 
Care  1983:28(7):859-865. 

Meecham  Jones  DJ,  Paul  EA,  Jones  PW,  Wedzicha  JA.  Nasal  pressure 
support  ventilation  plus  oxygen  compared  with  oxygen  therapy  alone  in 
hypercapnic  COPD.  Am  J  Respir  Crit  Care  Med  1995;152:538-544. 
Leger  P.  Bedicam  JM,  Comette  A.  Reybet-Degat  O.  Langevin  B, 
Polu  JM,  et  al.  Nasal  intermittent  positive  pressure  ventilation.  Long 
term  follow-up  in  patients  with  severe  chronic  respiratory  insuffi- 
ciency. Chest  I994;I05(I):IOO-105. 


II 


12, 


13.  Jones  SE,  Packham.  Hebden  M,  Smith  AP.  Domiciliary  nocturnal 
intermittent  positive  pressure  ventilation  in  patients  with  respiratory 
failure  due  to  severe  COPD:  long-term  follow  up  and  effect  on 
survival.  Thorax  1998;53(6):495-498. 

14.  Lin  C-C.  Comparison  between  nocturnal  nasal  positive  pressure  ven- 
tilation combined  with  oxygen  therapy  and  oxygen  monotherapy  in 
patients  with  severe  COPD.  Am  J  Respir  Crit  Care  Med  1996;  1 54(2 
Pt  l):353-358. 

15.  Fletcher  EC,  Luckett  RA,  Miller  T,  Costarangos  C.  Kutka  N,  Fletcher 
JG.  Pulmonary  vascular  hemodynamics  in  chronic  lung  disease  pa- 
tients with  and  without  oxyhemoglobin  desaturation  during  sleep. 
Chest  l989;95(4):757-764. 

16.  Fletcher  EC,  Miller  J,  Divine  GW,  Fletcher  JG,  Miller  T.  Nocturnal 
oxyhemoglobin  desaturation  in  COPD  patients  with  arterial  oxygen 
tensions  above  60  mm  Hg.  Chest  1987:92(4):604-608. 

17.  Kramer  MR,  Springer  C.  Berkman  N,  Glazer  M,  Bublil  M.  Bar- 
Yishay  E,  Godfrey  S.  Rehabilitation  of  hypoxemic  patients  with 
COPD  at  low  altitude  at  the  Dead  Sea,  the  lowest  place  on  earth. 
Chest  1998;113(3):571-575. 

18.  Emery  CF,  Schein  RL,  Hauck  ER,  Maclmyre  NR.  Psychological  and 
cognitive  outcomes  of  a  randomized  trial  of  exercise  among  patients 
with  chronic  obstructive  pulmonary  disease.  Health  Psychol  1998; 
17(3):232-240. 

19.  McDonald,  CF,  Blyth  CM,  Lazarus  MD,  Marschner  I.  Barter  CE. 
Exertional  oxygen  of  limited  benefit  in  patients  with  chronic  ob- 
structive pulmonary  disease  and  mild  hypoxemia.  Am  J  Respir  Crit 
Care  Med  l995;152(5Ptl):1616-16l9. 


Respiratory  Care  •  February  2000  Vol  45  No  2 


245 


Listing  and  Reviews  of  Bool(s  and  Other  Media.  Note  to  publishers:  Send  review  copies  of  books, 
fihiis,  tapes,  and  software  to  Rkspiratory  CARt.  600  Ninth  Avenue,  Suite  702.  Seattle  WA  98104. 


Books,  Films, 
Tapes,  &  Software 


Respiratory  Care  Patient  Driven  Proto- 
cols. Jan  Phillips-Clar  RRT,  Richard  M  Ford 
RRT,  Timothy  Morris  MD,  David  M  Bums 
MD,  University  of  California  San  Diego, 
Respiratory  Services.  Dallas,  Texas:  Daeda- 
lus Enterprises.  1998.  Soft-cover.  198  pages, 
$85  for  American  Association  for  Respira- 
tory Care  members,  $95  for  nonmembers. 

Respiratory  Care  Patient  Driven  Pro- 
tocols provides  a  collection  of  policies,  pro- 
cedures, and  algorithms  for  9  respiratory 
therapy  modalities  (oxygen  therapy,  pulse 
oximetry,  incentive  spirometry,  chest  phys- 
iotherapy, autogenic  drainage,  aerosol  ther- 
apy, intermittent  positive-pressure  breath- 
ing, positive  end-expiratory  pressure,  and 
extubation),  several  variations  of  these  mo- 
dalities, and  4  brand-name-specific  devices 
for  therapy  (Percussionaire,  Flutter  Valve, 
ThAIRapy  Vest,  BiPAP).  Included  in  the 
above  are  8  protocols  modified  specifically 
for  use  in  the  intensive  care  unit.  These  pro- 
tocols are  intended  as  models  for  respira- 
tory therapy  departments  that  are  in  the  be- 
ginning stages  of  implementing  respiratory 
care  protocols.  The  book  is  written  for  re- 
spiratory therapists,  physicians,  and  nurses 
who  are  or  are  planning  to  be  involved  in 
caring  for  patients  receiving  protocol- 
directed  respiratory  care. 

The  material  is  written  in  a  combined 
narrative  and  outline  form.  The  introduc- 
tion emphasizes  the  need  for  respiratory  pro- 
tocols as  a  mechanism  for  improving  the 
appropriate  use  of  respiratory  care  services, 
and  stresses  the  importance  of  physician- 
therapist  interaction  when  developing  and 
utilizing  the  protocols.  Each  protocol  be- 
gins with  the  policy  for  the  protocol  (simi- 
lar in  content  to  the  American  Association 
for  Respiratory  Care  [AARC]  Clinical  Prac- 
tice Guidelines),  followed  by  the  associated 
algorithm  and  a  procedure.  The  authors  re- 
mind the  reader  to  use  the  protocols  pre- 
sented in  the  book  as  guidelines  for  proto- 
cols that  must  be  modified  to  fit  the  needs 
of  individual  facilities.  The  policies  are  com- 
plete in  regard  to  indications  for  therapy, 
contraindications,  hazards,  complications, 
outcomes,  justification  for  discontinuing, 
and  "boundaries/interactions."  Boundaries/ 
interactions  spell  out  specific  criteria  that 
indicate  the  need  to  contact  a  physician  and 
notify  Che  nurse. 


Respiratory  Care  Patient  Driven  Pro- 
tocols provides  detailed  examples  of  a 
method  for  writing  respiratory  care  proto- 
cols that  are  suitable  for  a  policy  and  pro- 
cedure manual.  The  protocols  modified  spe- 
cifically for  use  in  the  intensive  care  unit 
are  a  useful  addition  to  the  numerous  exist- 
ing protocols  for  regular  nursing  floors.  Ex- 
amples of  the  patient  assessment/evaluation 
format  and  the  patient  care  plan  would  be 
valuable  contributions  to  the  book.  In  addi- 
tion, the  reference  list  would  be  more  com- 
plete if  references  regarding  the  rationale 
for  implementing  respiratory  care  protocols 
were  included. 

Although  the  material  is  understandable 
to  experienced  respiratory  therapists,  there 
are  some  abbreviations  used  that  are  not 
explained  (eg,  "RCP"  in  the  introduction, 
and  "PTE"  in  several  protocols).  There  are 
a  number  of  typographical  and  grammatical 
errors  (eg,  "the  patient  will  be  discontinued 
on  oxygen,"  "if  the  patient  is  not  capable  to 
administer  a  MDI,"  "the  therapist  will  com- 
municate the  patient  care  plan  with  the  MD/ 
nurse,"  and  "other  forms  other  than  speci- 
fied"). One  notable  error  in  the  extubation 
algorithm  is  "change  patient  to  HiFi  neb  if 
requiring  F,<j^  >  0.60."  I  mention  this  with 
some  reservation,  realizing  from  experience 
how  difficult  it  is  to  render  algorithms  error 
free. 

This  soft-cover  protocol  collection  car- 
ries an  $85  price  tag  for  AARC  members 
and  $95  for  nonmembers.  Although  a  large 
amount  of  the  information  necessary  for  de- 
veloping respiratory  care  protocols  is  avail- 
able in  the  literature  and  through  the  AARC 
it  may  be  well  worth  the  price  for  respira- 
tory care  departments  in  the  beginning  stages 
of  implementing  respiratory  protocols  to 
have  these  examples  collected  and  format- 
ted for  use  as  guidelines.  Facilities  with  es- 
tablished respiratory  protocols  might  also 
find  this  collection  useful  for  modifying  ex- 
isting protocols  or  adding  new  protocols. 

Lucy  Kester  MBA  RRT 

Respiratory  Therapy  Section 

Pulmonary/Critical  Care  Medicine 

Cleveland  Clinic  Foundation 

Cleveland,  Ohio 


Principles  Of  Pulmonary  Medicine,  3rd 

edition.  Steven  E  Weinberger  MD.  Phila- 
delphia: WB  Saunders.  1998.  Soft-cover,  il- 
lustrated, 385  pages,  $39. 

The  third  edition  of  Principles  Of  Pul- 
monary Medicine  is  an  excellent  introduc- 
tion to  pulmonary  pathophysiology  and  clin- 
ical pulmonary  medicine.  The  ideal  reader 
of  this  book  is  the  first-time  student  of  pul- 
monary pathophysiology  and  medicine. 
However,  the  book  is  structured  in  a  man- 
ner that  makes  it  an  appropriate  review 
source  for  the  nonphysician  pulmonary  care 
professional. 

I  read  the  first  edition  of  this  book  in 
1989,  as  a  second-year  medical  student,  dur- 
ing my  pulmonary  pathophysiology  course. 
I  was  delighted  then  by  the  ease  with  which 
I  could  understand  the  book's  content.  In 
reviewing  the  third  edition  as  a  pulmonolo- 
gist,  I  am  still  struck  by  the  wonderful  man- 
ner with  which  the  book  goes  about  ex- 
plaining pulmonary  pathophysiology  and 
the  basics  of  clinical  pulmonary  medicine. 

The  author  uses  several  techniques  to  aid 
the  reader.  Marginal  notations  are  used 
throughout  the  book  to  highlight  important 
points.  This  format  also  allows  for  ea.se  in 
browsing  and  reviewing.  An  ample  number 
of  figures  are  present  to  clarify  points,  and 
pictures  of  radiographs  provide  clinical  cor- 
relations. Last,  three  appendixes  are  present. 
They  contain  sample  questions  and  answers 
in  the  subject  areas  of  pulmonary  physiol- 
ogy, pulmonary  function  testing,  and  arte- 
rial blood  gas  analysis. 

The  first  portion  of  the  book  is  devoted 
to  pulmonary  physiology.  Critical  concepts 
are  presented  in  a  concise  and  easy-to-un- 
derstand  manner.  The  level  of  detail  is  ap- 
propriate for  all  except  the  diehard  physiol- 
ogist. Another  chapter  is  devoted  to  the 
evaluation  of  the  patient  with  pulmonary 
disease.  Specifically,  discussion  regarding 
common  physical  exam  findings  is  pre- 
sented. In  addition,  the  basics  of  chest  ra- 
diograph interpretation  are  reviewed,  along 
with  brief  explanations  of  commonly  used 
imaging  procedures  (computed  tomography, 
magnetic  resonance  imaging,  ventilation- 
perfusion  ratio  scan,  and  pulmonary  angiog- 
raphy). Last,  this  packed  chapter  addresses 
in  a  cursory  manner  the  areas  of  pulmonary 


246 


Respiratory  Care  •  February  2000  Vol  45  No  2 


Books,  Films,  Tapes  &  Software 


function  testing,  arterial  blood  gas  analysis, 
and  pulse  oximetry. 

The  majority  of  the  book  is  devoted  to 
clinical  pulmonary  medicine.  Chapters 
present  the  etiology,  pathology,  pathophys- 
iology, clinical  features,  diagnosis,  and  treat- 
ment of  various  cardinal  pulmonary  dis- 
eases. The  depth  of  discussion  provides  a 
good  overview  of  each  disease  process. 
Chapters  address  obstructive  and  interstitial 
lung  di.seases,  diseases  of  the  pulmonary  vas- 
culature, puhiionary  malignancies,  pleural 
diseases,  and  infectious  diseases  of  the  lung. 
Updating  of  various  therapies  (with  refer- 
ences) has  occurred  in  this  edition.  How- 
ever, I  was  somewhat  disappointed  in  sev- 
eral of  the  treatment  sections.  Specifically, 
the  level  of  discussion  was  often  too  vague 
and,  occasionally,  outdated. 

In  summary,  it  was  not  by  accident  that 
I  read  this  book  from  cover  to  cover  as  a 
medical  student.  Revisions  and  updates  have 
only  added  to  the  value  of  this  book.  I  rec- 
ommend it  without  reservation  to  those  seek- 
ing a  similar  level  of  understanding  of  pul- 
monary medicine. 

Timothy  A  Davidson  MD 

Walla  Walla  Pulmonary  and  Critical  Care 
Walla  Walla,  Washington 

Gerontology  for  the  Health  Care  Profes- 
sional. Walter  C  Chop  MS  RRT  and  Re- 
gula  H  Robnett  MEd  MS  OTRA..  Philadel- 
phia: FA  Davis.  1 999.  Soft-cover,  355  pages, 
$21.95. 

Gerontology  for  the  Health  Care  Pro- 
fessional contains  chapters  written  by  var- 
ious health  care  providers,  woven  into  a 
highly  readable  text  that  serves  as  a  resource 
to  providers  and  consumers.  It  is  a  good 
review  for  physicians  and  nurses,  and  a  ba- 
sic text  for  other  disciplines. 

Each  chapter  begins  with  a  helpful  out- 
line and  list  of  objectives.  I  found  the  list  of 
keywords  to  be  redundant,  but  the  self-study 
quizzes,  lists  of  learning  activities  that  gen- 
erate further  di.scussion,  and  extensive  ref- 
erences are  helpful.  However,  many  cita- 
tions seem  outdated  and  are  prior  to  1994. 

The  first  two  chapters  explain  demo- 
graphic trends  and  the  social  aspects  of  ag- 
ing. Early  in  the  twentieth  century  only  4% 
(3.1  million  people)  of  the  total  United  States 
population  was  over  65  years  of  age.  The 
phenomenon  of  the  "graying  of  America" 
began  accelerating  as  Americans  bom  in 


1946  turned  50  years  of  age.  Since  1996, 
one  American  has  turned  50  every  7  sec- 
onds. Projections  to  2030  predict  an  ever- 
increasing  elderiy  percentage  of  the  total 
United  States  papulation,  with  an  expan- 
sion to  22%  (70.2  million  people)  over  65 
years  of  age.  Before  1900,  people  were  of- 
ten considered  "old"  between  40  and  50. 
Many  feel  that  health  status  determination 
should  be  done  by  biological  age,  rather 
than  chronological  age,  as  everyone  ages 
differently. 

Ethnic  aging  around  the  world  is  exten- 
sively examined  in  Chapter  2.  Dr  Robert 
Butler's  term  "ageism"  is  defined  "as  a  sys- 
tematic stereotyping  of,  and  discrimination 
against,  people  who  are  old."  False  myths 
of  aging,  finances,  lifestyles,  and  changing 
family  roles  are  explored. 

Chapter  3,  "The  Physiology  of  Aging," 
and  Chapter  4,  'The  Psychological,  Behav- 
ioral, and  Cognitive  Asf)ects  of  Aging,"  pro- 
vide conci.se  explanations  of  various  theo- 
ries of  aging,  age-related  changes  in  body 
systems,  personality  development,  types  of 
intelligence,  dementia,  and  depression.  Sui- 
cide, death,  and  bereavement  issues  are  also 
discussed. 

Chapter  5,  on  nutrition,  emphasizes  early 
screening  and  intervention  for  elderly  at  risk. 
There  is  a  basic  nutrition  overview.  Chapter 
5,  on  drug  therapy,  is  an  excellent  resource. 
It  discusses  pharmacokinetic  changes, 
polypharmacy,  noncompliance  issues,  and 
medication  management.  Chapter  7,  on  .sex- 
uality and  aging,  covers  often  overlooked 
topics  well  presented  here.  There  are  tables 
of  presenting  problems  regarding  sexual 
dysfunction,  including  drug-induced  causes 
and  potential  solutions. 

Chapter  8,  "The  Continuum  of  Care." 
explains  choices  from  home  health  to  nurs- 
ing home  placement.  Chapter  9,  on  financ- 
ing health  care,  makes  sense  out  of  a  very 
complicated  system  of  Medicare,  Medicaid, 
and  other  private  and  government  insurance 
plans.  Chapter  10,  on  health  care  providers, 
defines  the  various  roles  and  would  be  very 
helpful  to  consumers.  Chapter  II,  "Future 
Concerns  in  an  Aging  Society,"  completes 
the  text  by  offering  discussions  of  world- 
wide aging,  financial  and  social  issues,  de- 
mographic shifts,  and  generational  equity 
(younger  people  financing  older  people). 

With  the  aging  of  our  society,  everyone 
should  have  information  available  on  elderly 
wellness,  illness,  and  social/financial  issues 


related  to  this  group.  I  highly  recommend 
this  text  to  consumers  and  providers. 

Harriet  Berliner  MSN  RN-C 

Adult  Nurse  Practitioner 
Legal  Nurse  Consultant 
Mt  Laurel,  New  Jersey 

Evidence-Based  Health  Care  Workbook 
and  CD-ROM  1999.  Critical  Appraisal 
Skills  Program.  Oxford  UK:  Update  Soft- 
ware Limited.  1999.  Soft-cover,  76  pages, 
UK  £34.95;  US  $56. 

Systems  requirements:  Microsoft  Win- 
dows PC  with  Windows  95  or  NT,  16  MB 
RAM,  hard  disk  with  54  KB  free  space, 
CD-ROM  drive,  Internet  connection  with 
Internet  Explorer.  Orders  and  inquiries:  Up- 
date Software  Ltd,  Summertown  Pavilion, 
Middle  Way,  Oxford  UK  OX2  7LG.  http:// 
www.update-software.com. 

Over  recent  years  health  care  expenses 
have  come  under  closer  scrutiny  by  agen- 
cies and  companies  that  pay  the  bills.  As  a 
result,  tho.se  who  make  decisions  or  seek  to 
influence  decisions  about  health  care  are  re- 
quired to  assume  greater  responsibility  for 
ensuring  cost-benefits  of  the  care;  that  is, 
the  benefits  must  justify  the  cost  of  the  care. 
The  discovery  of  the  benefits  a.scribed  to 
health  care  interventions  requires  evidence, 
which  is  generated  only  through  valid  .sci- 
entific research.  This  discovery  process  has 
given  rise  to  the  term  "evidence-based  health 
care." 

Given  the  importance  of  basing  health 
care  decisions  on  evidence,  there  is  a  need 
for  individuals  in  health  care  to  learn  valid 
methods  in  finding  and  appraising  scientific 
evidence.  The  course  materials  reviewed  in 
this  workbook  and  CD-ROM  aim  to  teach 
the  fundamentals  of  this  process,  with  a  fo- 
cus on  methods  for  systematic  reviews  of 
medical  literature.  The  learning  program, 
called  the  Critical  Appraisal  Skills  Pro- 
gramme, is  best  described  as  a  tutorial,  and 
is  divided  into  5  modules:  ( I )  Introduction, 
(2)  Asking  the  Question,  (3)  Finding  the 
Evidence,  (4)  Appraising  a  Randomized 
Controlled  Trial,  and  (5)  Appraising  a  Re- 
view. 

The  introduction  describes  the  course  ma- 
terials and  how  to  u,se  them.  This  includes 
how  to  navigate  around  the  CD-ROM,  which 
is  quite  simple  and  straightforward.  Subse- 
quent sections  guide  learners  through  the 
processes  of  generating  and  then  answering 
questions  about  health  care  evidence. 
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Question  generation  is  the  subject  of  the 
initial  substantive  section.  This  section  takes 
the  learner  through  the  steps  in  generating 
questions  about  the  effectiveness  of  medi- 
cal interventions,  breaking  the  question  into 
4  operational  components:  ( 1 )  the  patient  or 
problem,  (2)  the  intervention,  (3)  the  con- 
trol, and  (4)  the  outcome.  This  section,  like 
all  the  others,  is  fortified  with  apt  examples 
and  practice  applications. 

The  section  on  "Finding  the  Evidence" 
describes  the  major  databases  for  medical 
literature,  such  as  MEDLINE,  EMBASE, 
and  the  Cochrane  Database  of  Systematic 
Reviews.  The  tutorial  instructs  on  literature 
search  techniques  such  as  selecting  search 
terms,  and  describes  the  importance  of  sen- 
sitivity in  searching,  as  well  as  techniques 
for  increasing  sensitivity  and  specificity.  A 
practice  exercise  guides  the  learner  through 
a  MEDLINE  search. 

Appraisal  of  trial  quality  is  an  important 
component  of  systematic  literature  reviews. 
Indeed,  decisions  on  health  care  ought  to 
find  basis  in  high  c/uahty  evidence  rather 
than  just  any  evidence.  Adopting  the  ran- 
domized controlled  trial  as  the  "gold  stan- 
dard," the  section  on  appraising  random- 
ized, controlled  trials  describes  the  essential 
elements  of  a  randomized  controlled  trial, 
discusses  each  element,  and  explains  how 
to  evaluate  it.  The  tutorial  guides  the  learner 
through  a  set  of  questions  to  ask  about  each 
trial  under  consideration.  The  learner  uses 
an  example  of  an  actual  trial  (which  is  in 
the  workbook),  for  the  appraisal  exercise. 
In  addition  to  randomization,  the  tutorial  ad- 
dresses issues  such  as  blinding,  selection 
bias,  and  control  for  dropouts.  Finally,  this 
section  addres.ses  the  issues  of  clinical  im- 
portance of  results  and  their  local  applica- 
bility. 

The  next  section  is  about  appraisal  of 
literature  reviews.  Health  care  personnel 
may  tend  to  accept  the  validity  of  the  results 
of  a  review  without  recognizing  whether  or 
not  a  review  is  biased.  Therefore,  this  is  an 
extremely  important  section,  which  also 
teaches  systematic  reviewing  methods.  Like 
the  trial  appraisal  section,  this  one  also  uses 
an  article  in  the  workb<K)k  as  a  reference 
tool  as  the  learner  proceeds  through  the  sec- 
tion. Issues  addressed  include  whether  the 
question  is  clearly  focused,  whether  there 
was  bias  in  the  literature  search,  and  whether 
the  review  assessed  trial  quality. 

The  review  appraisal  section  clearly  il- 
lustrates and  explains  the  "blobbogram." 
which  is  a  kind  of  graphic  display  common 


to  systematic  reviews  of  the  meta-analytic 
variety.  Statistical  issues  are  also  discussed 
here,  particularly  from  the  standpoint  of  ap- 
praising meta-analytic  methods  and  whether 
results  from  trials  are  aggregable.  Finally, 
the  tutorial  addresses  cost-benefit  analyses 
associated  with  systematic  reviews,  that  is, 
the  "bottom  line"  for  a  review. 

Statistics  is  a  subject  that  tends  to  induce 
fear  in  many  professionals.  However,  the 
statistics  section  in  this  tutorial  teaches  about 
relevant  statistics  in  a  clear  and  simple  man- 
ner. The  section  explains  statistics  such  as 
odd  ratios,  risk  ratios,  and  number  needed 
to  treat.  It  also  explores  and  explains  issues 
related  to  statistical  significance  of  results. 

Additional  features  of  the  CD-ROM  in- 
clude Internet  links,  a  comprehensive  glos- 
sary, and  practice  exercises.  The  exercises 
in  the  CD-ROM  tutorial  refer  to  random- 
ized, controlled  trials  and  systematic  reviews 
in  the  workbook  as  examples.  Learners  use 
these  examples  to  answer  questions  in  the 
tutorial  that  aim  to  teach  trial  and  review 
appraisal  techniques. 

Although  some  of  the  ideas  addres.sed  by 
Crifical  Appraisal  Skills  Programme  are 
complex,  the  presentation  is  in  language  that 
health  care  practitioners  and  students  should 
understand.  The  terms  are  explained  in  plain 
language,  and  even  the  statistics  are  clearly 
presented.  The  tutorial  is  moderately  inter- 
active and  the  screens  are  attractive.  The 
overall  presentation  is  highly  professional. 

I  highly  recommend  the  package  for  any- 
one interested  in  evidence-based  medicine. 
It  is  suitable  for  nearly  all  levels  of  health 
care  professional,  as  well  as  moderately  ed- 
ucated laypersons.  The  program  would  be  a 
useful  adjunct  to  basic  research  courses  in 
all  health  care  curricula.  1  believe  students 
will  enjoy  and  benefit  from  the  tutorial.  My 
estimate  is  that  a  thorough  progression 
through  the  entire  program,  including  the 
practice  exercises,  would  take  a  novitiate 
learner  between  3  and  6  hours.  However,  I 
would  recommend  that  the  learner  under- 
take one  or  two  sections  at  a  time. 

One  minor  criticism  of  the  tutorial  is  that 
it  is  not  possible  to  skip  over  material.  Some 
of  the  screens  appear  rather  slowly  and,  if 
one  wishes  to  skip  over  sequences,  this  can 
be  a  bit  frustrating.  A  word  of  caution  re- 
garding the  CD-ROM  is  that  it  loads  very 
sluggishly  unless  the  computer  and  CD  drive 
are  very  fast.  1  loaded  it  on  a  166  MHz  PC 
with  a  lOX  CD  drive  and  retxxited  twice 
because  I  thought  that  my  computer  had 


locked  up.  It  had  not  locked  up;  I  simply 
did  not  exercise  the  proper  patience. 

The  package,  which  includes  the  work- 
book and  PC-compatible  CD-ROM.  costs 
£34.95  (about  $56)  plus  shipping,  for  1-9 
units.  The  price  for  each  decreases  as  quan- 
tities increa.se.  Currently,  there  is  no  provi- 
sion for  a  network  agreement. 

Arthur  P  Jones  EdD  RRT 

Respiratory  Care 

University  of  Texas  Healtii  Science 

Center  at  San  Antonio 

San  Antonio,  Texas 

How  to  Report  Statistics  In  Medicine:  An- 
notated Guidelines  for  Authors,  Editors, 
and  Reviewers.  Thomas  A  Lang  MA  and 
Michelle  Secic  MS,  with  a  foreword  by  Ed- 
ward J  Huth  MD.  Philadelphia:  American 
College  of  Physicians.  1997.  Softcover,  il- 
lustrated, 367  pages,  $39.95. 

This  book  consists  of  annotated  guide- 
lines to  assist  authors,  editors,  and  review- 
ers in  assuring  that  the  correct  and  accurate 
information  is  included  in  published  research 
papers.  This  book  is  meant  to  be  a  reference 
and  is  not  meant  to  be  read  from  cover  to 
cover,  although  that  is  how  I  approached  it 
for  this  review.  The  intended  audience  is 
stated  in  the  title  as  being  authors,  editors, 
and  reviewers.  However,  anyone  interested 
in  critically  evaluating  the  research  litera- 
ture would  find  this  book  helpful.  The  au- 
thors' stated  purpose  in  writing  this  book  is 
"to  provide  a  set  of  detailed,  comprehen- 
sive, and  understandable  guidelines  for  re- 
porting statistical  information  in  medicine." 
This  is  not  a  statistics  textbook.  The  authors 
do  not  discuss  how  to  choose  the  appropri- 
ate test  or  how  the  statistical  tests  are  cal- 
culated. These  iireas  are  left  out  on  purpose, 
and  the  authors  state  that  their  goal  was  to 
develop  guidelines  that  address  only  the 
"presentation  of  statistical  information  in 
scientific  publications  and  |to]  discuss  some 
related  concepts."  These  goals  are  reached 
with  easy  to  read  and  easy  to  understand 
chapters  and  guidelines. 

This  book  is  well  organized  and  it  is 
easy  to  find  the  information  you  need.  I 
did  not  find  any  errors  in  content,  nor 
typographical  errors.  The  guidelines  pre- 
sented were  all  easy  to  understand, 
straightforward,  and  well  written.  The 
more  difficult  guidelines  are  illustrated 
with  clear  examples.  The  authors  also  in- 
cluded additional  statements  that  augment 
the  guidelines.  There  are  subguidelines. 
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potential  problems,  methods  of  checking, 
and  related  information  statements,  each 
one  keyed  with  a  different  symbol.  The 
authors  devote  several  pages  at  the  begin- 
ning of  the  book  to  discussing  the  differ- 
ence between  statistical  significance  and 
clinical  importance.  They  refer  to  this  im- 
portant distinction  several  other  times  in 
several  of  the  chapters. 

Part  I  consists  of  15  chapters.  Each  chap- 
ter addres.ses  a  different  aspect  of  biostatis- 
tics  and  develops  guidelines  of  what  should 
be  in  each  section  of  a  research  paper  if  this 
particular  biostatistics  concept  were  used  in 
the  paper  under  consideration.  For  example. 
Chapter  4  discusses  the  reporting  of  p  val- 
ues. The  chapter  outlines,  in  the  form  of 
guidelines,  what  should  and  should  not  be 
included  about  p  values  in  a  paper's  intro- 
duction, methods,  results,  and  discussion 
sections. 

Part  2  of  this  book  is  a  "Guide  to  Statis- 
tical Terms  and  Tests."  It  consists  of  mainly 
a  glossary  of  terms  used  in  the  book,  in- 
cluding the  statistical  tests  mentioned  in  Part 
I .  The  definitions  of  the  statistical  tests  in- 
clude brief  descriptions  of  the  types  of  vari- 


ables involved,  the  purpose  of  the  test,  and 
a  brief  outline  of  how  the  results  from  the 
test  should  be  reported.  I  would  have  found 
this  section  easier  to  use  if  the  authors  had 
included  the  statistical  tests  in  a  separate 
section  and  maybe  expanded  on  that  section 
to  di.scuss  the  conditions  for  selecting  each 
test.  That  would  have  added  slightly  to  the 
size  of  the  book,  but  it  would  be  useful  to 
the  reader. 

Part  .3  repeats  all  the  guidelines  again 
in  an  "unannotated"  referenced  list  of  the 
guidelines.  The  references  are  to  the  lit- 
erature where  these  guidelines  are  dis- 
cussed. For  example.  Guideline  1.14: 
"Specify  how  the  sample  size  was  deter- 
mined. If  the  sample  size  was  determined 
in  combination  with  a  power  calculation, 
give  the  details  of  the  calculation.'"  This 
guideline  is  followed  by  a  list  of  25  ref- 
erences in  the  "Author,  Year"  format,  us- 
ing only  the  first  author's  last  name.  This 
section  is  a  compact  list  of  all  the  guide- 
lines, without  any  subguidelines,  poten- 
tial problems,  methods  of  checking,  re- 
lated information  statements,  or  examples. 

Part  4  is  the  Appendixes  section.  Included 
here  are  sections  on  checklists  for  reporting 


clinical  tri£ils,  mathematical  symbols  and  no- 
tations, rules  for  presenting  numbers  in  text, 
and  the  correct  spelling  for  statistical  terms 
and  tests.  The  bibliography  section  is  con- 
cise, appropriate,  and  recent. 

In  conclusion,  this  is  a  well  written,  easy 
to  understand,  and  concise  discussion  of 
guidelines  that  should  be  followed  in  writ- 
ing research  papers  for  the  medical  litera- 
ture. This  book  should  be  on  the  shelf  of  all 
authors,  editors,  manuscript  reviewers,  and 
anyone  else  interested  in  critical  evaluation 
of  the  medical  literature.  If  the  authors  writ- 
ing for  the  medical  literature  would  follow 
these  guidelines,  the  editors  and  reviewers 
of  many  medical  publications  would  have 
an  easier  time  in  evaluating  manuscripts  for 
publication. 

Wesley  M  Granger  PhD  RRT 

Respiratory  Therapy  Program 

Department  of  Critical  and 

Diagnostic  Care 

University  of  Alabama  at  Birmingham 

Birmingham,  Alabama 
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Valved  Holding  Chamber.  Monaghan 
Medical  Corporation  announces  Food 
and  Drug  Administration  clearance  to 
market  its  new  AeroChamber  Plus^^ 
valve  holding  chamber  product  line. 
Monaghan  describes  AeroChamber  Plus 
VHC  as  metered  dose  inhaler  for  asthma 
and  COPD  patients  that  offers  new  fea- 
tures including  a  "flowdynamic"  system 
that  they  say  increases  the  fine  particle 
dose  of  MDls.  The  new  line  also  includes 
the  AeroChamber  Plus  with  mask  for 
young  patients  which,  the  company  says, 
provides  lower  inhalation  resistance,  less 
dead  space,  and  an  improved  facial  seal. 
For  more  information  from  Monaghan 
Medical  Corporation,  circle  number  177 
on  the  reader  service  card  in  this  issue,  or 
send  your  request  electronically  via 
"Advertisers  Online"  at  http://www.aarc. 
org/buyers_guide/ 

TB  Test.  Gen-Probe  Incorporated  has  an- 
nounced that  the  Food  and  Drug 
Administration  has  approved  additional 
indication  for  its  amplified  test  for 
Mycobacterium  tuberculosis  (TB). 
According  to  Gen-Probe,  the  test  is  now 
approved  for  the  rapid  diagnosis  of  TB  in 
smear-negative  patients.  For  more  infor- 
mation from  Gen-Probe  Incorporated,  cir- 
cle number  178  on  the  reader  service  card 
in  this  issue,  or  send  your  request  elec- 
tronically via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 


program.  The  company  says  that  the  pro- 
gram is  designed  for  laboratories  that 
measure  critical  care  analytes  and  that  it 
provides  external  peer  group  compar- 
isons three  times  a  year,  along  with  a  na- 
tional database  that  includes  more  than 
600  blood  gas  instruments.  Accutest 
says  tests  offered  include  pH,  blood 
gases,  electrolytes,  critical  blood 
metabolites,  hematocrit,  hemoglobin, 
and  hemoglobin  fractions.  For  more  in- 
formation from  Accutest,  circle  number 
179  on  the  reader  service  card  in  this 
issue,  or  send  your  request  electronically 
via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 


cally  via  "Advertisers  Online" 
http://www.aarc.org/buyers_guide/ 


at 


Proficiency  Test  Program.  Accutest  in- 
troduces PT  STAT™,  a  proficiency  test 


PEP  System.  DHD  Healthcare  has  an- 
nounced improvements  to  its  TheraPEP® 
positive  expiratory  pressure  therapy  sys- 
tem. According  to  DHD,  the  updates 
make  PEP  more  convenient  for  patients 
by  providing  two  smaller  orifice  sizes 
and  by  adding  the  option  of  using  an 
MDI  or  nebulizer  with  the  device  to  pro- 
vide medication  delivery  simultaneously 
with  secretion  clearance.  For  more  infor- 
mation from  DHD  Healthcare,  circle 
number  1 80  on  the  reader  service  card  in 
this  issue,  or  send  your  request  electroni- 


Synchronous  Digital  Video.  Cadwell 
Laboratories  presents  its  synchronous 
digital  video  system  for  sleep  profes- 
sionals. According  to  the  company,  this 
new  system  will  allow  sleep  profession- 
als to  more  accurately  correlate  physical 
and  polysomnographic  events  during  a 
sleep  study.  Cadwell  says  that  up  to  72 
hours  of  time-locked  digital  video  with 
audio  can  be  recorded  and  synchronized 
to  the  32-channel  digital  PSG/EEG 
record  at  30  frames  per  second. 
Company  press  materials  also  say  that 
the  system  includes  playback  and  editing 
tools  that  can  be  used  to  extract  signifi- 
cant PSG/EEG  data  and  video  clips.  For 
more  information  from  Cadwell 
Laboratories,  circle  number  181  on  the 
reader  service  card  in  this  issue,  or  send 
your  request  electronically  via 
"Advertisers  Online"  at  http://www. 
aarc.org/buyers_guide/ 


RESPIRATORY  CARE  •  FEBRUARY  2000  VOL  45  NO  2 


251 


Noi-for-profit  organizations  are  offered  a  free  adverlisemenl  of  up  lo  eight  lines  to  appear,  on  a  space-available 

basis,  in  Calendar  of  Events  in  RESPIRATORY  CARE.  Ads  for  other  meetings  are  priced  at  $5.50  per  line  and  require 

an  insertion  order.  Deadline  is  the  20th  of  the  month  two  months  preceding  the  month  in  which  you  wish  the  ad  to  run. 

Submit  copy  and  insertion  orders  lo  Calendar  of  Events,  RESPIRATORY  CARE.  1 1030  Abies  Lane.  Dallas  TX  75229-4593. 


Calendar 
of  Events 


AARC  &  AFFILIATES 

March  7 — Live  Videoconference 
Participate  in  a  live,  90-minute 
satellite  broadcast  of  the  first 
installment  of  the  AARC's  2000 
"Professor's  Rounds"  series  and 
receive  one  CRCE  credit  hour 
(nurses  earn  1 .2  hours  of  CE  credit). 
"Pulmonary  Rehabilitation:  What 
You  Need  to  Know"  will  be 
broadcast  from  1 1 :30  a.m.-l  p.m. 
(CT).  Contact:  For  more 
information,  call  the  AARC  at 
(972)  243-2272. 

March  15-17 — iMke  Tahoe, 

Nevada 

The  Greater  Bay  Area  Chapter  of  the 
California  Society  for  Respiratory 
Care  host  their  2 1  st  annual 
conference  at  Caesars  Lake  Tahoe. 
'Tahoe  2000"  will  offer  1 2  hours  of 
continuing  education  credit. 
Contact:  For  more  information, 
call  (925)  866-6643  or  access 
their  web  site  at  www.csrc.org. 

March  28 — Live  Videoconference 
Participate  in  a  live,  90-minute 
satellite  broadcast  of  the  first 
installment  of  the  AARC's  2000 
"Professor's  Rounds"  series  and 
receive  one  CRCE  credit  hour 
(nurses  earn  1 .2  hours  of  CE  credit). 
"Pediatric  Asthma  in  the  ER"  will  be 
broadcast  from  1 1 :30  a.m.  - 1  p.m. 
(CT).  Contact:  For  more 
information,  call  the  AARC  at 
(972)  243-2272. 

April  13-14 — King  of  Prussia, 
Pennsylvania 

The  Pennsylvania  Society  for 
Respiratory  Care  presents  their 
Third  Annual  Eastern  Regional 
Conference  and  Exhibition  at  the 
Holiday  Inn.  "Diversity, 
Dimension,  Design  2000"  will 
feature  speakers  Wiliam  J. 
Malley,  MS,  RRT,  and  AARC 
President  Garry  W.  Kauffman, 
MPA,  CHE,  RRT.  Ten  CEUs  are 
pending.  Contact:  Angle 
Herstine  at  (609)  784-0340,  or 
Ann  Cusano  at  (215)  646-7300, 
ext.  428. 


May  9-12— Grand  Rapids, 

Michigan 

The  Michigan  Society  for 
Respiratory  Care  will  host  their 
Annual  Spring  Conference  at  the 
Grand  Center/ Amway  Grand  Plaza 
Hotel. 

Contact:  For  more  information, 
call  (517)  336-7570  or  visit  their 
web  site  at  www.MichiganRC. 
com. 

May  19 — Brainerd,  Minnesota 

The  Minnesota  Society  for 
Respiratory  Care  host  their  Spring 
Hing  —  "Rev  It  Up"  at  the 
Breezy  Point  Resort.  Five  CRCEs 
will  be  requested.  Contact:  For 
more  information,  contact  Laurie 
Tomaszewski  at  (651)  232-1922, 
Carolyn  Dunow  at  dunowc® 
fhpcare.com,  or  Carl  Mottram  at 
mottram.carl  @  mayo.edu. 

May  21-22 — Spokane,  Washington 

The  Respiratory  Care  Society  of 
Washgton  will  hold  its  27th 
Annual  Pacific  Northwest 
Regional  Respiratory  Care 
Conference  at  Cavanaugh's  Inn  at 
the  Park.  Topics  will  include 
current  government  issues  and 
respiratory  care,  high  frequency, 
and  open  lung  strategies. 
Contact:  For  more  information, 
contact  Larry  Knisley  at  (509) 
921-6560,  Garth  Arkell  at  (509) 
924-1 197  ore-mail 
arkell4  @  gateway.net. 

September  20-22 — Rochester, 

Minnesota 

The  Minnesota  Society  for 
Respiratory  Care  host  their  3 1  st 
Annual  Fall  State  Conference — 
"Too  Hot  to  Handle."  Contact: 
For  more  information,  contact 
Laurie  Tomaszewski  at  (651) 
232-1922,  Carolyn  Dunow  at 
dunowc@flipcare.com,  or  Carl 
Mottram  at  mottram.carl  @ 
mayo.edu. 


Other  Meetings 

March  27-30 — Clearwater  Beach, 
Florida 

All  Children's  Hospital  will  host 
a  neonatal/pediatric  transport 
conference,  "Leading  the  Way  — 
Staying  Patient  Focused,"  at  the 
Hilton  Clearwater  Beach  Resort. 
Continuing  education  hours 
available  for  RNs  and  RTs. 
Contact:  Connie  Spadaccino  at 
(800)  456-4543,  ext.  4240,  or  fax 
(727)  892-4399. 

April  1-7 — Miami,  Florida 

Miami  Children's  Hospital  and  the 
Ventilation  Assisted  Children's 
Center  (VACC)  are  hosting  their 
annual  camp  for  ventilation-assisted 
children  and  their  families.  The 
campsite  is  A.D.  Barnes  Park,  a  62- 
acre  park  located  two  miles  from 
Miami  Children's  Hospital. 
Facilities  include  an  air-conditioned 
lodge,  two  air-conditioned 
bunkhouses,  and  wheelchair- 
accessible  swimming  pool, 
playground,  and  nature  trail.  The 
VACC  Camp  treats  families  with 
children  dependent  on  oxygen,  a 
tracheostomy,  ventilator,  CPAP,  or 
bi-level  PAP  to  a  week  of  fun  and 
adventure  in  the  company  of  their 
peers. 

Contact:  If  you  know  of  eligible, 
interested  families,  have  them 
contact  Camp  Director  Dr.  Moises 
Simpeer  or  Bela  Floretin  at  (305) 
662-8380,  ext.  4610,  or  (305)  662- 
8222.  Applications  will  be 
accepted  through  Jan.  15, 2000. 

May  19-21 — Atlanta,  Georgia 

Children's  Healthcare  of  Atlanta- 
Egleston  will  sponsor  "Moving 
ECMO  into  the  New  Millennium" 
—  SEECMO  2000,  the  10th 
Annual  Southeastern  ECMO 
Conference,  at  the  Grand  Hyatt 
Buckhead.  Presentations  will 
cover  adult  ECMO,  ECMO  flow 
direction,  CVVH  techniques,  and 
hands-on  water  drills. 
Contact:  Micheal  Heard,  RN,  at 
(404)  315-2593  or 
micheal.heard@choa.org. 
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The  American  Association  for  Respiratory  Care  and  its  sci- 
ence journal.  Respiratory  Care,  invite  submission  of  brief 
abstracts  related  to  any  aspect  of  cardiorespiratory  care.  The 
abstracts  will  be  reviewed,  and  selected  authors  will  be  invited 
to  present  posters  at  the  Open  Forum  during  the  AARC  In- 
ternational Respiratory  Congress  in  Cincinnati,  Ohio,  October 
7-10, 2000.  Accepted  abstracts  will  be  published  in  the  Au- 
gust 2000  issue  of  RESPIRATORY  Care.  Membership  in  the 
AARC  is  not  required  for  participation.  All  accepted  abstracts 
are  automatically  considered  for  ARCF  research  grants. 

SPECIFICATIONS— READ  CAREFULLY! 

An  abstract  may  report  (1)  an  original  study,  (2)  the  eval- 
uation of  a  method,  device  or  protocol,  or  (3)  a  case  or  case 
series.  Topics  may  be  aspects  of  adult  acute  care,  continuing 
care/rehabilitation,  perinatology/pediatrics,  cardiopulmonary 
technology,  or  health  care  delivery.  The  absd^ct  may  have  been 
presented  previously  at  a  local  or  regional — but  not  nation- 
al— meeting  and  should  not  have  been  published  previously 
in  a  national  journal.  The  abstract  will  be  the  only  evidence 
by  which  the  reviewers  can  decide  whether  the  author  should 
be  invited  to  present  a  poster  at  the  OPEN  FORUM.  Therefore, 
the  abstract  must  provide  all  important  data,  findings,  and  con- 
clusions. Give  specific  information.  Do  not  write  such  gen- 
eral statements  as  "Results  will  be  presented"  or  "Significance 
will  be  discussed." 

ESSENTIAL  CONTENT  ELEMENTS 

Original  study.  Abstract  must  include  (1)  Background:  state- 
ment of  research  problem,  question,  or  hypothesis;  (2)  Method: 
description  of  research  design  and  conduct  in  sufficient  de- 
tail to  permit  judgment  of  validity;  (3)  Results:  statement  of 
research  findings  with  quantitative  data  and  statistical  anal- 
ysis; (4)  Conclusions:  interpretation  of  the  meaning  of  the  re- 
sults. 

Method,  device,  or  protocal  valuation.  Abstract  must  in- 
clude (I)  Background:  identification  of  the  method,  device, 
or  protocol  and  its  intended  function;  (2)  Method:  description 
of  the  evaluation  in  sufficient  detail  to  permit  judgment  of  its 
objectivity  and  validity;  (3)  Results:  findings  of  the  evalua- 
tion; (4)  Experience:  summary  of  the  author's  practical  ex- 
perience or  a  lack  of  experience;  (5)  Conclusions:  interpre- 
tation of  the  evaluation  and  experience.  Cost  comparisons  should 
be  included  where  possible  and  appropriate. 

Case  report  Abstract  must  report  a  case  that  is  uncommon 
or  of  exceptional  educational  value  and  must  include  (1)  In- 
troduction: relevant  basic  information  important  to  understanding 
the  case.  (2)  Case  Summary:  patient  data  and  response,  de- 
tails of  interventions.  (3)  Discussion:  content  should  reflect 
results  of  literature  review.  The  author(s)  should  have  been 
actively  involved  in  the  case  and  a  case-managing  physician 
must  be  a  co-author  or  must  approve  the  report. 


FORMAT  AND  TYPING  INSTRUCTIONS 

Accepted  abstracts  will  be  photographed  and  reduced  by 
40%;  therefore,  the  size  of  the  original  text  should  be  at  least 
10  points.  A  font  like  Helvetica  or  Times  makes  the  clearest 
reproduction.  The  first  line  of  the  abstract  should  be  the  title 
in  all  capital  letters.  Title  should  explain  content.  Follow  title 
with  names  of  all  authors  (including  credentials),  institution(s), 
and  location;  underline  presenter's  name.  Type  or  electron- 
ically print  the  abstract  single  spaced  in  one  paragraph  on  a 
clean  sheet  of  paper,  using  margins  set  so  that  the  abstract 
will  fit  into  a  box  no  bigger  than  18.8  cm  (7.4")  by  13.9  cm 
(5.5"),  as  shown  on  the  reverse  of  this  page.  Insert  only  one 
letter  space  between  sentences.  Text  submission  on  diskette 
is  allowed  but  must  be  accompanied  by  a  hard  copy.  Data  may 
be  submitted  in  table  form,  and  simple  figures  may  be  included 
provided  they  fit  within  the  space  allotted.  No  figure,  illustration, 
or  table  is  to  be  attached  to  the  abstract  form.  Provide  all  au- 
thor information  requested.  Standard  abbreviations  may  be  em- 
ployed without  explanation;  new  or  infrequently  used  ab- 
breviations should  be  spelled  out  on  first  use.  Any  recurring 
phrase  or  expression  may  be  abbreviated,  if  it  is  fu^t  explained. 
Check  the  abstract  for  (1)  errors  in  spelling,  grammar,  facts, 
and  figures;  (2)  clarity  of  language;  and  (3)  conformance  to 
these  specifications.  An  abstract  not  prepared  as  requested  may 
not  be  reviewed.  Questions  about  abstract  preparation  may  be 
telephoned  to  Linda  Barcus  at  (972)  406-4667. 

Early  Deadline  Allowing  Revision.  Authors  may  choose 
to  submit  abstracts  early.  Abstracts  postmarked  by  February 
29,  2000  will  be  reviewed  and  the  authors  notified  by  letter 
only  to  be  mailed  by  March  3 1 .  2000.  Rejected  abstracts  will 
be  accompanied  by  a  written  critique  that  should,  in  many  cases, 
enable  authors  to  revise  their  abstracts  and  resubmit  them  by 
the  Final  Deadline  (April  28,  2000). 

Final  Deadline.  The  mandatory  Final  Deadline  is  April  28, 
2000  (postmark).  Authors  will  be  notified  of  acceptance  or  re- 
jection by  letter  only.  These  letters  will  be  mailed  by  July  12, 
2000. 

Mailing  Instructions.  Mail  (Do  not  fax!)  2  clear  copies 
of  the  completed  abstract  form,  diskette  (if  possible),  and  a 
stamped,  self-addressed  postcard  (for  notice  of  receipt)  to: 
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Respiratory  Care  welcomes  original  manuscripts  related  to  the  sci- 
ence and  technology  of  respiratory  care  and  prepared  according  to  the 
following  instructions  and  the  Unifonn  Requirements  for  Manuscripts 
Submitted  to  Biomedical  Journals  (available  at  http://www.acpon- 
line.org/joumals/resource/unifreqr.htm).  Manuscripts  are  blinded  and 
reviewed  by  professionals  who  are  experts  in  their  fields.  Audiors 
are  responsible  for  obtaining  written  permission  to  publish  previ- 
ously-published figures  and  tables  from  the  original  copyright  hold- 
er. Accepted  manuscripts  are  copyedited  for  clarity,  concision,  and 
consistency  with  RESPIRATORY  CARE  format.  Before  publication, 
authors  receive  page  proofs  for  minor  correction.  F*ublished  papers 
are  copyrighted  by  Daedalus  Inc  and  may  not  be  published  elsewhere 
without  permission.  Euiitorial  consultation  is  available  at  any  stage 
of  planning  or  writing  for  any  submission:  contact  the  Editorial  Office. 

Categories  of  Articles 

Research  Article:  A  report  of  an  original  investigation  (a  study). 
Must  include  Title  Page,  Abstract.  Key  Words,  Background, 
Methods,  Results,  Discussion,  Conclusions,  and  References.  May 
also  include  Tables,  Figures  (if  so,  must  include  Figure  Legends), 
Acknowledgments,  and  Appendices. 

Review  Article:  A  comprehensive,  critical  review  of  the  literature 
and  state-of-the-art  summary  of  a  topic  that  has  been  the  subject  of 
at  least  40  published  research  articles.  Must  include:  Title  Page,  Out- 
line, Key  Words,  Introduction,  Review  of  the  Literature,  Summa- 
ry, and  References.  May  also  include:  Tables,  Figures  (if  so,  must 
include  Figure  Legends),  and  Acknowledgments. 

Overview:  A  critical  review  of  a  pertinent  topic  that  has  fewer  than 
40  published  research  articles.  Same  structure  as  Review  Article. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has 
been  critically  reviewed  in  RESPIRATORY  CARE  or  elsewhere.  Same 
structure  as  a  Review  Article. 


ing  physician  must  either  be  an  author  or  furnish  a  letter 
approving  the  manuscript.  Must  include:  Title  Page,  Abstract,  Intro- 
duction, Case  Summary,  Discussion,  and  References.  May  also 
include:  Tables,  Figures  (if  so,  must  include  Figure  Legends),  and 
Acknowledgments. 

Point-of-View  Paper:  A  paper  expressing  personal  but  substanti- 
ated opinions  on  a  pertinent  topic.  Must  include:  Title  Page,  Text, 
and  References.  May  also  include  Tables  and  Figures  (if  so,  must 
include  Figure  Legends). 

Drug  Capsule:  A  miniature  review  paper  about  a  drug  or  class  of 
drugs  that  includes  discussions  of  pharmacology,  pharmacokinet- 
ics, or  pharmacotherapy. 

Graphics  Corner:  A  briefcase  report  discussing  and  illustrating 
waveforms  for  monitoring  or  diagnosis.  Should  include  Questions, 
Answers,  and  Discussion  sections. 

Kittredge's  Comer:  A  brief  description  of  the  operation  of  respiratory 
care  equipment.  Should  include  information  from  manufacturers  and 
editorial  comments  and  suggestions. 

PFT  Corner:  A  brief,  instructive  case  report  including  pul- 
monary function  testing,  accompanied  by  a  review  of  the  relevant 
physiology  and  appropriate  references  to  the  literature. 

Test  Your  Radiologic  Skill:  A  brief,  instructive  case  report  involv- 
ing pulmonary  medicine  radiography  and  including  one  or  more  radio- 
graphs. May  involve  imaging  techniques  other  than  conventional 
chest  radiography. 

Review  of  a  Book,  Film,  Tape,  or  Software:  A  balanced,  critical 
review  of  a  recent  release.  RESPIRATORY  CARE  does  not  accept  unso- 
licited book  reviews;  please  contact  the  Editor  if  you  have  a  sug- 
gestion for  a  book  review. 


Special  Article:  A  pertinent  paper  not  fitting  one  of  the  other  categories. 
Consult  with  the  Editor  before  writing  or  submitting  such  a  paper. 

Editorial:  A  paper  addressing  an  issue  in  the  practice  or  adminis- 
tration of  respiratory  care.  It  may  present  an  opposing  opinion,  clar- 
ify a  position,  or  bring  a  problem  into  focus. 

Letter:  A  brief,  signed  communication  responding  to  an  item  pub- 
lished in  Respiratory  Care  or  about  other  pertinent  topics.  Tables, 
Figures,  and  References  may  be  included.  The  letter  should  be  marked 
"For  Publication." 

Case  Report:  Report  of  an  uncommon  clinical  case  or  a  new  or 
improved  method  of  management  or  treatment.  A  case-manag- 


Preparing  the  Manuscript 

Print  on  one  side  of  white  8.5  xl  1  inch  paper,  with  margins  of  at 
least  1  inch  on  all  sides.  Double-space  the  text  and  number  the  pages. 
Do  not  include  author  names,  author  institutional  affiliations,  or  allu- 
sions to  institutional  affiliations  anywhere  except  on  the  title  page. 
On  the  AbsO^ct  page  include  the  title  but  do  not  include  author  names. 
Begin  each  of  the  following  on  a  new  page:  Title  Page,  Abstract, 
Text,  Acknowledgments,  References,  each  Table,  each  Figure,  and 
each  Appendix.  Use  standard  English  in  the  first  person  and  active 
voice.  Type  all  headings  in  initial-capital  letters  (eg.  Background, 
Methods,  Pafients.  Equipment,  Stafistical  Analysis,  Results,  Dis- 
cussion). Center  the  main  section  headings  and  place  second-level 
headings  on  the  left  margin. 
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Manuscript  Preparation  Guide 


Abstract.  Please  ensure  that  the  abstract  does  not  contain  any  facts 
or  conclusions  that  do  not  also  appear  in  the  body  text.  Limit  the 
abstract  to  no  more  than  400  words. 

Key  Words.  Research,  Review,  Overview,  and  Special  Articles 
require  Key  Words.  On  the  Abstract  or  Outline  page,  include  a  list 
of  6  to  10  key  words  or  two-word  phrases. 

References.  Assign  reference  numbers  in  the  order  that  articles  are 
cited  in  your  manuscript.  At  the  end  of  your  manuscript,  Ust  the  cited 
works  in  numerical  order.  Abbreviate  journal  names  as  in  Index  Medi- 
cus.  List  all  authors.  The  following  examples  show  RESPIRATORY 
Care's  style  for  references. 

Article  in  a  journal  carrying  pagination  throughout  the  volume: 

Rau  JL,  Harwood  RJ.  Comparison  of  nebulizer  delivery  meth- 
ods through  a  neonatal  endotracheal  tube:  a  bench  study.  Respir 
Care  1992;37(11):  1233-1240. 

Article  in  a  publication  that  numbers  each  issue  beginning  with  Page  1: 

Bunch  D.  Establishing  a  national  database  for  home  care.  AARC 
Times  1991;15(Mar):61,62,64. 

Corporate  author  journal  article: 

American  Association  for  Respiratory  Care.  Criteria  for  estab- 
lishing units  for  chronic  ventilator-dependent  patients  in  hospitals. 
Respir  Care  1988;33(11):1044-1046. 

Article  in  journal  supplement:  (Journals  differ  in  numbering  and  iden- 
tifying supplements.  Supply  information  sufficient  to  allow 
retrieval.) 

Reynolds  HY.  Idiopathic  interstitial  pulmonEiry  fibrosis.  Chest 
1986;  89(3  Suppl):139S-143S. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided,  and  those 
more  than  3  years  old  should  not  be  cited.) 

Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood  to  reduce 
environmental  exposure  (abstract).  Respir  Care  1990;35(11):  1087- 
1088. 

Editorial  in  a  journal: 

Enright  P.  Can  we  relax  during  spirometry?  (editorial).  Am  Rev 
Respir  Dis  1993;148(2):274. 

Editorial  with  no  author  given: 

Negative-pressure  ventilation  for  chronic  obstructive  pul- 
monary disease  (editorial).  Lancet  1 992;340(8833):  1 440- 1 44 1 . 

Letter  in  journal: 

Aelony  Y.  Ethnic  norms  for  pulmonary  function  tests  (letter). 
Chest  1991;99(4):1051. 

Corporate  author  book: 

American  Medical  Association  Department  of  Drugs.  AMA  drug 
evaluations,  3rd  ed.  Littleton  CO:  Publishing  Sciences  Group;  1977. 


Book:  (For  any  book,  specific  pages  should  be  cited  whenever  ref- 
erence is  made  to  specific  statements  or  other  content.) 

DeRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pul- 
monary disease.  New  York:  Futura;  1990:76-85. 

Chapter  in  book  with  editor(s): 

Pierce  AK.  Acute  respiratory  failure.  In:  Guenter  CA,  Welch  MH, 
editors.  Pulmonary  medicine.  Philadelphia:  JB  Lippincott; 

1977:26-42. 

Paper  accepted  but  not  yet  published: 

Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Personal  communication  of  unpublished  data  not  yet  accepted  for 
publication:  You  must  obtain  written  permission  to  cite  unpublished 
data  received  via  personal  communication.  Do  not  number  such  ref- 
erences, but  instead  make  parenthetical  reference  in  the  body  text 
of  your  manuscript.  Example:  "Recently,  Jones  found  this  treatment 
effective  in  45  of  83  patients  (Jones  HI,  University  of  the  Cascades, 
1999,  personal  communication)." 

Tables.  Tables  should  be  consecutively  numbered.  Start  each  table 
on  a  separate  page.  Number  and  title  the  table  and  give  each  column 
a  brief  heading.  Place  explanations  in  footnotes,  including  all  non- 
standard abbreviations  and  symbols.  Key  the  footnotes  with  the  fol- 
lowing symbols,  superscripted,  in  the  table  body,  and  in  the  following 
order:*,  t,  t,  §,  II,  1,  **,  tt- Do  not  use  horizontal  or  vertical 
rules  or  borders.  Do  not  submit  tables  as  photographs,  reduced  in 
size,  or  on  oversize  paper. 

Figures  (illustrations).  Figures  include  graphs,  line  drawings,  pho- 
tographs, and  radiographs.  Use  only  illustrations  that  clarify  and  aug- 
ment the  text.  Number  figures  consecutively  as  Figure  1 ,  Figure  2, 
etc.  All  the  figures  must  be  mentioned  in  the  text.  Every  figure  should 
have  a  legend  (a  title  and/or  description  explaining  the  figure).  Fig- 
ure legends  should  appear  as  separate  paragraphs  at  the  end  of  the 
manuscript  (after  the  References  section),  in  the  same  computer  file 
as  the  manuscript  (not  in  a  separate  file,  as  with  the  tables  and  fig- 
ures). Do  not  create  scanned  versions  of  figures  borrowed  from  other 
publications;  clear  photocopies  are  preferable.  To  include  figures 
previously  published  in  other  publications,  you  must  obtain  permission 
from  the  original  copyright  holder  (see  below).  Figures  must  be  of 
professional  quality  and  a  copy  of  the  article  from  which  the  figure 
came  should  be  available.  If  color  is  essential  to  the  figure,  consult 
the  Editor  for  more  information.  In  reports  of  animal  experiments, 
use  schematic  drawings,  not  photographs.  A  letter  of  consent  must 
accompany  any  photograph  of  an  identifiable  person.  If  possible, 
submit  radiographs  as  prints  and  full-size  copies  of  film. 

Drugs.  Precisely  identify  all  drags  and  chemicals  used,  giving  gener- 
ic names,  doses,  and  methods  of  administration.  Brand  names  may 
be  given  in  parentheses  after  generic  names. 

Commercial  Products.  In  the  text,  parenthetically  identify  com- 
mercial products  only  on  first  mention,  giving  the  manufacturer's 
name,  city,  and  state  or  country.  Example:  "We  performed  spirom- 
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etry  ( 1085  System,  Medical  Graphics,  Minneapolis,  Minnesota)." 
Provide  model  numbers  if  available,  and  manufacturer's  suggest- 
ed price,  if  the  study  has  cost  implications. 

Permissions:  You  must  obtain  written  permission  to  use  pictures 
of  identifiable  individuals  or  to  name  individuals  in  the  Acknowl- 
edgments section.  You  must  obtain  written  permission  from  the  orig- 
inal copyright  holder  to  use  figures  and  tables  from  other  publica- 
tions. Copies  of  all  applicable  permissions  must  be  on  file  at 
Respiratory  Care  before  a  manuscript  goes  to  press.  Copyright 
is  most  often  held  by  the  journal  or  book  in  which  the  figure  or  table 
originally  appeared  and  applies  to  the  creativity,  style,  and  form  in 
which  the  facts/data  are  presented  to  the  reader;  the  facts  themselves 
are  not  copyright-protectable.  Therefore,  if  you  were  asking  per- 
mission to  reproduce  a  table  or  figure  directly  from  a  journal  or  book, 
or  with  minor  adaptations,  permission  would  be  necessary.  How- 
ever, if  you  intend  to  extract  some  data  from  text  or  illustrations  and 
present  them  in  an  entirely  new  form,  permission  would  not  be  need- 
ed. Simply  cite  the  source  of  the  data  using  the  following  statement: 
"Figure  adapted  from  data  published  in  ..." 

Ethics.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  with  the  ethical  stan- 
dards of  the  World  Medical  Association  Declaration  of  Helsinki  (see 
RespirCare  1997;42(6):635-636)  or  of  the  institution's  committee 
on  human  experimentation.  State  that  informed  consent  was 
obtained.  Do  not  use  patient's  names,  initials,  or  hospital  numbers 
in  text  or  illustrations.  When  reporting  experiments  on  animals,  indi- 
cate that  the  institution's  policy,  a  national  guideline,  or  a  law  on 
the  care  and  use  of  laboratory  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analyzing  the  data  and 
give  the  prospectively  determined  level  of  significance  in  the  Meth- 
ods section.  Report  actual  p  values  in  the  Results  section.  Cite  only 
textbook  and  published  article  references  to  support  choices  of  tests. 
As  with  commercial  products  (see  above),  parenthetically  identi- 
fy any  general-use  or  commercial  computer  programs  used. 

Units  of  Measurement.  Express  measurements  of  length,  height, 
weight,  and  volume  in  metric  units  appropriately  abbreviated;  tem- 
peratures in  degrees  Celsius;  and  blood  pressures  in  millimeters  of 
mercury  (mm  Hg).  Report  hematologic  and  clinical-chemistry  mea- 
surements in  conventional  metric  and  in  SI  (Systeme  Internationale) 
units  (units  and  conversion  factors  listed  at  Respir  Care 
1997;42(6):640).  Show  gas  pressures  (including  blood  gas  tensions) 
in  millimeters  of  mercury  (mm  Hg). 


abbreviations.  Do  not  use  abbreviations  in  the  title,  in  section  head- 
ing.s,  and  do  not  use  unusual  abbreviations  in  the  abstract.  Use  an  abbre- 
viation only  if  the  term  occurs  4  or  more  times  in  the  paper.  Define 
all  abbreviations  (ie,  write  out  the  full  term  on  first  mention,  followed 
by  the  abbreviation  in  parentheses)  and  thereafter  use  only  the  abbre- 
viation. Standard  units  of  measurement  and  scientific  terms  can  be 
abbreviated  without  explanation  (eg,  L/min,  mm  Hg,  pH,  O2). 
Please  use  the  following  forms:  cm  HiO  (not  cmH20),  f  (not  bpm), 
L  (not  I),  L/min  (not  LPM,  l/min.  or  Ipm),  mL  (not  ml),  mm  Hg 
(notmmHg),pH(notPhorPH),p  >  0.001  (not  p>0.(X)l),s  (not  sec), 
Spo,  (arterial  oxygen  saturation  measured  via  pulse-oximetry). 

Prior  and  Duplicate  Publication.  In  general,  do  not  submit  work 
that  has  been  published  or  accepted  elsewhere,  though  in  special 
instances  the  Editor  may  consider  such  material  if  the  original  pub- 
lisher grants  permission.  Please  consult  the  Editor  before  submit- 
ting such  work. 

Authorship.  All  persons  listed  as  authors  should  have  participat- 
ed in  the  reported  work  and  in  the  shaping  of  the  manuscript,  all  must 
have  proofread  the  submitted  manuscript,  and  all  should  be  able  to 
publicly  discuss  and  defend  the  paper's  content.  A  paper  of  corporate 
authorship  must  specify  the  key  persons  responsible  for  the  article. 
Attribution  of  authorship  is  not  based  solely  on  solicitation  of  fund- 
ing, collection  or  analysis  of  data,  provision  of  advice,  or  similar  ser- 
vices. Persons  who  provide  such  ancillary  services  may  be  recog- 
nized in  an  Acknowledgments  section. 

Reviewers:  Please  supply  the  names,  credentials,  affiliations,  address- 
es, and  phone/fax  numbers  of  3  professionals  whom  you  consider 
exjjert  on  the  topic  of  your  paper.  Your  manuscript  may  be  sent  to 
one  or  more  of  them  for  blind  peer  review. 

Submitting  the  Manuscript 

Submit  three  printed  copies  and  one  (3.5-inch)  computer  diskette. 
The  printed  copies  should  each  include  photocopies  of  all  of  the  Fig- 
ures, Tables,  and  Appendixes.  On  the  diskette,  the  manuscript  should 
be  in  one  file  and  the  tables  in  a  separate  file.  If  soft  copies  of  the  fig- 
ures are  available,  they  should  also  be  in  a  separate  file.  However, 
do  not  create  scanned  versions  of  figures  borrowed  from  other  pub- 
lications; clear  photocopies  are  preferable.  Include  the  completed 
Cover  Letter  and  Checklist  (see  next  page)  and  permission  letters. 
Mail  to  Respiratory  Care,  600  Ninth  Avenue,  Suite  702,  Seat- 
tle WA  98104.  Do  not  fax  manuscripts.  Receipt  will  be  acknowledged. 


Conflict  of  Interest.  On  the  cover  page,  authors  must  disclose  any 
liaison  or  financial  arrangement  they  have  with  a  manufacturer  or 
distributor  whose  product  is  addressed  in  the  manuscript  or  with  the 
manufacturer  or  distributor  of  a  competing  product.  Such  arrange- 
ments do  not  disqualify  a  paper  from  consideration  and  are  not  dis- 
closed to  reviewers.  Reviewers  are  screened  for  possible  conflict 
of  interest. 

Abbreviations  and  Symbols.  Use  standard  abbreviations  and  sym- 
bols, listed  at  Respir  Care  I997;42(6):637-642.  Do  not  create  new 
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"We,  the  undersigned,  have  all  participated  in  the  work  reported,  proofread  the  accompanying  manuscript,  and  approve  its  sub- 
mission for  publication."  Please  print  and  include  credentials,  title,  institution,  academic  appointments,  city  and  state.  If  more 
than  4  authors,  please  use  another  copy  of  this  form.* 

*First  Author: 


Author  Signature/Date, 
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Has  this  research  been  presented  in  any  public  forum?       □  Yes    □  No 
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For  VOLUNTARY  reporting 

by  health  professionals  of  adverse 

events  and  product  problems 


Form  Approved:  0MB  No  0910-0291  Expire*:  4/30/96 
S««  0M8  statement  on  reverse 
FOA  Use  Only  (Resp  Care) 


THE    FDA    MEDIC  AL    PRODUt  TS    REPOKTINC    PROGRAM 


A.  Patient  information 


1    Patient  identifier 


In  confidence 


2    Age  at  time 
of  event: 


Date 
of  birth: 


3  Sex 

I     I  female 
I    I  male 


Page 


4   Weight 


.  lbs 


kgs 


B.  Adverse  event  or  product  problem 


1    Q]  Adverse  event      and  or  Q  Product  problem  (e.g.,  defects/malfunctions) 


2    Outcomes  attributed  to  adverse  event 

(cfiecic  all  that  apply) 


□  death 


I     I  life-threatening 

I     I  hospitalization  -  initial  or  prolonged       LJ  o'her: 


I    I  disability 

I     I  congenital  anomaly 

I     I  required  intervention  to  prevent 
permanent  impairment/damage 


3  Date  of 
event 


4  Date  of 
this  report 


5    Describe  event  or  problem 


6    Relevant  tests/laboratory  data,  including  dates 


7    Other  relevant  history,  including  preexisting  medical  conditions  (eg.,  allergies, 
race,  pregnancy,  smoking  and  alcohol  use.  hepatic/renal  dysfunction,  etc.) 


Mall  to:    medWaTCH  or  FAX  to: 

5600  Fishers  Lane  1 -800-FDA-01 78 

Rockvllle,  MD  20852-9787 


of 


Triage  unit 
sequence  ' 


C.  Suspect  medication(s) 


1    Name  (give  labeled  strength  &  mfr/labeler,  if  knovi/n) 
#1 


2    Dose,  frequency  &  route  used 


#2 


#2 


3.  Therapy  dates  (if  unknown,  give  duration) 

Ifom/lo  (or  besl  estimate) 
#1 


4    Diagnosis  for  use  (indication) 

#1 


#2 


6    Lot  #  (if  known) 

#1 


#2 


7.  Exp.  date  (if  known) 
#1 

#2 


9.  NDC  #  (for  product  problems  only) 


5    Event  abated  after  use 
stopped  or  dose  reduced 


#2  Dyes  n  no    D^g^Py"'' 


8    Event  reappeared  after 
reintroductlon 

#1  Dyes  n™  Dgg^py"'' 

#2  Dyes  n  no    D^g^Py"^ 


10.  Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


D.  Suspect  medical  device 


3    Manufacturer  name  &  address 


1    Brand  name 


2    Type  of  device 


6. 
model  * 


catalog  # 

serial  # 

lot#  


other  # 


4    Operator  of  device 

I     I  health  professional 
I    I  lay  user/patient 
□  other: 


5    Expiration  date 

imtyday'yrl 


7.   If  Implanted,  give  date 

(mo/day/yr) 


8.   If  explanted,  give  date 

(mo/day'y) 


9    Device  available  for  evaluation?  (Do  not  send  to  FDA) 

I     I    yes  EZI  no  Q]  returned  to  manufacturer  on 


10   Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


E.    Reporter  (see  confidentiality  section  on  back) 


1      Name  &  address 


phone  # 


2    Health  professional? 

□  yes       □    no 


3.    Occupation 


5     If  you  do  NOT  want  your  Identity  disclosed  to   

the  manufacturer,  place  an  '  X  "  In  this  box.      LJ 


4    Also  reported  to 

I     I      manufacturer 
I     I      user  facility 
I     I      distributor 


FDA  Fortn  3500  1/96)  Submlsslon  of  a  report  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contributed  to  the  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  otfier  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  death 

•  life-threatening  (real  risk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  the 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 

•  therapeutic  failures 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 


Important  numbers: 

•  1-800-FDA-0178 

•  1-800-FDA-7737 

•  1-800-FDA-1088 


•  1-800-822-7967 


to  FAX  report 

to  report  by  modem 
to  report  by  phone  or  for 
more  information 
for  a  VAERS  form 
for  vaccines 


If  your  report  involves  a  serious  adverse  event 
with  a  device  and  it  occurred  in  a  facility  outside  a  doc- 
tor's office,  that  facility  may  be  legally  required  to  report  to 
FDA  and/or  the  manufacturer.  Please  notify  the  person  in 
that  facility  who  would  handle  such  reporting. 

Confidentiality:  The  patient's  identity  is  held  in  strict 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity,  including  the  identity  of  a 
self-reporter,  may  be  shared  with  the  manufacturer  unless 
requested  otherwise.  However,  FDA  will  not  disclose  the 
reporter's  identity  in  response  to  a  request  from  the 
public,  pursuant  to  the  Freedom  of  Information  Act. 


The  public  reporting  burden  for  this  collection  of  information 
has  been  estimated  to  average  30  minutes  per  response, 
including  the  time  for  reviewing  instructions,  searching  exist- 
ing data  sources,  gathering  and  maintaining  the  data  needed, 
and  completing  and  reviewing  the  collection  of  information. 
Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions 
for  reducing  this  burden  to; 


DHHS  Reports  Clearance  Office 
Paperwork  Reduction  Project  (0910-0291) 
Hubert  H.  Humptirey  Building.  Room  531-H 
200  Independence  Avenue,  S.W. 
Washington.  DC  20201 


"An  agency  may  not  conduct  or  sponsor, 
and  a  person  is  not  required  to  respond  to. 
a  collection  ot  information  unless  it  displays 
a  currently  valid  OMB  control  numtier. 


Please  do  NOT 
return  this  form 
to  either  of  these 
addresses. 
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Notices 


Notices  of  competitions,  scholarships,  fellowships,  examination  dates,  new  educational  programs, 

and  the  like  will  be  listed  here  free  of  charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days 

before  the  desired  month  of  publication  (January  1  for  the  March  issue,  February  1  for  the  April  issue,  etc).  Include  all 

pertinent  information  and  mail  notices  to  RESPIRATORY  CARE  Notices  Dept.  1 1030  Abies  Lane,  Dallas  TX  75229-4593, 


Scicduitd  'Pn,0'te^^o^%^  ^o-uttd^  2000 

Pulmonar)  Rehabilitation:  What  You  Need  to  Know —  Julien  M  Roy 
B.A  RRT;  Host,  Richard  Branson  BA  RRT— Video  March  7:  Audio  April  4 

Pediatric  Asthma  in  the  ER— Tim  Myers  BS  RRT;  Host,  Richard  Bran- 
son BA  RRT— Video  March  28:  Audio  April  18 

Drugs,  Medications  and  Delivery  Devices  of  Importance  in  Respiratory 

Care— Jim  Fink  MS  RRT:  Host,  David  Pierson  MD— Video  April  25; 
Audio  May  16 

Cost  Effective  Respiratory  Care:  You've  Got  to  Change — Kevin  Shrake 
MA  RRT  FACHE;  Host,  Sam  P  Giordano  MBA  RRT— Video  May 
23;Audio  June  20 

Pediatric  Ventilation:  Kids  Are  Different — Mark  Heulitt  MD;  Host, 
Richard  Branson  BA  RRT — Video  July  25;  Audio  August  15 

What  Matters  in  Respiratory  Monitoring:  What  Goes  and  What 

Stays— Dean  Hess  PhD  RRT  FAARC;  Host,  Richard  Branson  BA  RRT— 
Video  August  22;  Audio  September  26 

Managing  Asthma:  An  Update — Patti  Joyner  RRT  COM;  Host,  Man 
Jones  MSN  RN  RRT— Video  September  19;  Audio  October  17 

Routine  Pulmonary  Function  Testing:  Doing  it  Right — Carl  D  Mottram 
RRT  RPFT;  Host,  David  Pierson  MD— Video  November  7;  Audio 
December  5 


i^  H   I   ful  LU      S  t  s 


American  Association  for  Respiratory  Care 

http://www.aarc.org 

—  Current  job  listings 

—  American  Respiratory  Care  Foundation 
fellowships,  grants,  &  awards 

—  Clinical  Practice  Guidelines 

National  Board  for  Respiratory  Care 

http://www.nbrc.org 

RESPIRATORY  CARE  online 

http://www.rcjournal.com 

—  Subject  and  Author  Indexes 

—  Contact  the  editorial  staff 

Asthma  Management 
Model  System 

http://www.nhlbi.nih.gov 

Keys  to  Professional  Excellence 

http://www.aarc.org/keys/ 


The  National  Board  for  Respiratory  Care — 2000  Examination  Dates  and  Fees 


Examination 


CRT 


Applications  Accepted/ 
Testing  Available 

Dec  1,  1999 
Jan  10,2000 


Examination  Fees 


$190  (new  applicant) 
$lSO(reapplicant) 


Perinatal/Pediatric 


CPFT 


RPFT 


Dec  I,  1999 
Jan  10,  2000 

Jan  1,2000 
Feb  1,2000 

Jan  1,2000 
Feb  1,2000 


$250  (new  applicant) 
$220  (reapplicant) 

$2(X)  (new  applicant) 
$170  (reapplicant) 

$250  (new  applicant) 
$170  (reapplicant) 


RRT 

(Written  &  CSE) 


Feb  1,2000 
Apr  1,2000 


$190  (new  -  written  only) 
$200  (new  -  CSE  only) 
$390  (new  -  both) 


For  information  about  other  services  or  fees,  write  to  the  National  Board  for  Respiratory  Care, 
83IONieman  Road,  Unexa  KS  66214,  or  call  (913)  599-4200,  FAX  f9l  3 1  541-O156,or  e-mail;  nbrc-info@nbrc.org 
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Small  Enough  for  Homecare... 

Powerful  Enough  for  Acute  Care 


The  New  LTVIOOO 


Ventilator  Delivers 


Powerful  Functions 


within  a  Portable 


Configuration 


i  ulmonetic  Systems'  new  LTVLOOff' ventilator  imparts  quality,  value, 
and  innovation.  Showcased  in  its  small  package  are  powerful  features  that 
redefine  portability  without  compromising  functionality.  Its  unique 
miniaturization  technology  coupled  with  its  sophisticated  pneumatic 
design  afford  patients  maximum  mobility  for  a  better  quality  of  life. 

The  LTVIOOO  is  ideal  for  weaning  and  chronic  use,  for  children  and 
adults,  for  inter-facility  and  intra-facility  transport,  and  for  acute,  sub- 
acute and  homecare  environments 

Combine  this  versatility  and  technological  advancement  with  an 
affordable  price,  the  LTVIOOO  is  ventilation  at  its  best.  For  more  informa- 
tion on  how  the  LTVIOOO  can  improve  the  quality  of  your  patients'  lives. 
Call  us  at  1-800-754-1914  or  e-mail  us  at  info@pulmonetic.com. 


Powerful  Functions 

Pressure  or  Volume  Control 

Pressure  Support 

NPPV 

Flow-Triggering 

Variable  Breatti  Termination  Criteria 

Oxygen  Supplementation 

Portable  Configuration 

12x10x3incties 
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Internal  Battery 
Compressorless  Tectinology 


Pulmonetic  Systems,  Inc.  930  8.  Mount  Vernon  Avenue,  Suite  100,  Colton,  California  92324  Tel;  909-783-2280 
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PulmoneticSvstems 


Mind  at  rest. 


Didphrdgm  at  work. 


The  new  RFb  System-lJ 

Reduce  patient  anxiety  during  respiratory  retraining. 


Now  you  can  help  respiratory  patients  releam  controlled 
(diaphragmatic)  breathing  by  helping  them  forget  all  about 
it.  The  RFb  System-1  is  a  breakthrough  biofeedback  tool  that 
significantly  reduces  patient  anxiety  through  visualization 
of  diaphragmatic  breathing.  The  result  is  therapy  thaf  s 
easier — and  less  stressful — on  both  of  you. 

A  noninvasive  sensor  reflects  diaphragmatic  movement 
back  to  the  brain  through  an  audio/visual  headset  (patient 
can  choose  between  white  noise  and  a  musical  tone). 


2B4n»M\. 


125  Rasbach  Street  Canastota,  NY  13032  USA 


*wAK)  ■M,'tr4'M  RFb  System-1  is  a  trademark  of  DHD  Healthcare  Corporation. 


The  patient  receives  continuous  reinforcement  of  the  correct 
deep-breathing  technique  without  electrodes  or  other 
invasive  devices.  A  computer  console  makes  it  easy 
to  monitor  patient  progress  with  minimal  therapist 
involvement.  Therapy  has  been  reimbursed  under 
Medicare  B.  For  more  information,  call  DHD  Healthcare 
toll-free  today:  1-800-847-8000. 
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